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With the successful conclusion of the 
war and the beginning of the peace, we 
pass from one era into a new one in 
higher education. The war years have 
brought many new factors to the fore in 
our social system, in our economic 
outlook, and in our scientific and tech- 
nological progress. These must be in- 
tegrated into our educational philosophy 
and procedures. The extent to which 
the various units of our educational 
system can work together and coordi- 
nate their several functions will meas- 
ure the promptness and effectiveness 
with which the challenging problems 
presented may be resolved, and the re- 
sulting solutions implemented. 

The public is conscious of a new 
social significance of science and tech- 
tology. It is now vividly apparent 
that this awareness of the contributions 
of science and technology to our way of 
life comprehends not only the immedi- 
ate providing of conveniences for liv- 
ing but also the far-reaching effect 
upon our economy and our interna- 
tional social and political relations. It 
isthe task of higher education to main- 
fain a true perspective of the perti- 
nent influences, and engineering schools 
Must share in this responsibility. 

It is inevitable, with increasing 


fecognition of the function of science 
ad engineering, that agencies of gov- 
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Problems and Organization Needs of the Division 
of Administrative Officers 


By S. C. HOLLISTER 


Chairman; Dean, College of Engineering, Cornell University 


ernment will give increasing attention 
to matters in these fields. Evidence of 
this is to be found in a number of bills 
before the Congress and the State Leg- 
islatures. Engineering college admin- 
istration must be in a position to ex- 
press itself as a unit of the educational 
field on such matters as they arise. 

At the present moment much atten- 
tion is being given by your officers to 
the policy of selective service which 
fails to provide for the prompt resump- 
tion of the training of scientists and 
engineers and which fails to recognize 
the national interest in such training. 
During the war we were the only coun- 
try among the larger allied powers in 
which scientific and technical training 
was not continued at a substantially 
normal rate. Even if selective service 
now provided for a normal flow to the 
engineering colleges this country would 
be short an estimated 55,000 engineer- 
ing graduates by 1949, the earliest date 
a senior class of pre-war size can be 
graduated. This denies to industry 
and government the equivalent output 
of the engineering colleges of four 
normal years. To pursue this policy 
longer will jeopardize our present high 
position in science and engineering 
among the nations. 

The provision for subsidies for edu- 
cation and research in scientific and 
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technological fields; the diversion of 
an adequate supply of surplus war 
property to augment equipment of edu- 
cational institutions; the consideration 
by competent educators of the proposed 
plan for universal military training— 
these and others are being actively fol- 
lowed by the Administrative Division 
of the Society because of their obvious 
interest and importance to engineering 
education. 

Since the Cincinnati Convention the 
Society, under its President, has taken 
vigorous action in matters as they have 
developed. It is clear that it is of vital 


PROBLEMS AND ORGANIZATION NEEDS 


importance to the engineering educa, 
tional field that the Society continue 
this activity. 

The structure of the Society does not 


‘now provide constitutionally for the 


activities that the Administrative Dj. 
vision will have to undertake in the in- 
terest of the Society. It is the writer’s 
conviction that the proposed revision 
of the Constitution will furnish much 
needed strength to the Administrative 
Division’s function on behalf of the 
Society, judged by first-hand acquaint. 
ance with activities relating to the prob 
lems of the present and future. 
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English and the Humanistic-Social Division 


By KARL O. THOMPSON 
Professor of English, Case School of Applied Science 


The recognition by the Society for 
the Promotion of Engineering Educa- 
tion of a Humanistic-Social Division 
of studies alongside a Scientific-Tech- 
nological Division was a distinct ad- 
yancement. Such action has long been 
desired by teachers of English in engi- 
neering colleges. If the recognition 
will also be accorded by the rank and 
file of teachers of engineering subjects, 
the gain will be clinched. 

Such official recognition by Presi- 
dents and Deans has brought a change 
in the problems of the teachers of Eng- 
lish. Our problems are now internal 
rather than external; the solution of 
the problems, however, concerns all 
who share in the privilege of super- 
vising the education of engineers. Not 
all of our problems are new, but we 
may find it profitable to re-study old 
and new alike. 

The meaning of the term Human- 
istic-Social and the statement of the 
function of the courses included, con- 
sidered as a group, is the first problem. 
The aims of the two Divisions are set 
forth by the Committee on Engineering 
Education After the War. With the 
statement concerning the Scientific- 
Technological Division there will be 
little disagreement, certainly very little 
by teachers of English. The studies in 
that Division deal with Nature, the 
material world and its resources, and 
the means and processes of adapting 
these to the use of mankind. They are 
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practical and they are arranged in a 
logical sequence. The degree of Bache- 
lor of Science (or its equivalent) has 
been awarded after four years of work 
and professional fitness has been ex- 
pected at the time of the granting of the 
degree. If there has been a major and 
a minor grouping, both have quite 
likely been in the same department of 
engineering. The time allotted to. sub- 
jects in the Humanistic-Social Division 
has been from ten to seventeen per 
cent. Very few graduates have gone 
into technical journalism or even into 
teaching. 

With the aims and scope of the Hu- 
manistic-Social Division as stated by 
the Committee, teachers of English feel 
less certain. The order of the aims as 
given may mean nothing, but the de- 
scription of the objectives needs clari- 
fication in several particulars. Hu- 
manistic studies or “the Humanities” 
have traditionally taken up the char- 
acter of man, his thoughts, his philoso- 
phies, his ideals, and their interpreta- 
tions. The social studies, if they are 
differentiated from the humanities, 
have taken up the history of mankind, 
the relationships of man as a member 
of the human race or of groups of his 
kind, his duties and responsibilities 
toward his fellows, and the theories of 
group organization. The former stud- 
ies stress the values of life, the latter 
stress the means of measuring and ~ 
comparing human attainments. The 
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former look at man as a personality, 
the latter look at him as an individual 
in a group. Together, the two groups 
have dealt with moral, psychological, 


and social concepts that show that hu- - 


mane living is desirable and that co- 
operative living is possible. Science 
has not been omitted, as the story of 
liberal arts colleges will quickly show, 
and the place of science has been 
steadily expanding in liberal curricula. 
From the days when science was nat- 
ural philosophy to the latest theory in 
pure physics, the study of science has 
contributed: to the cultural growth of 
mankind. It has been felt necessary 
to a well rounded education. Disre- 
garding the period and the institutions 
in which an unrestricted elective sys- 
tem prevailed, we know that educa- 
tional systems generally have required 
a balance between the humanities and 
the sciences. The graduate of a liberal 
arts college, however, would not be 
fitted immediately for a professional 
career, but would be in a position to 
select any one of several career possi- 
bilities, or to enter at once the com- 
petition of business or industry. 

Now engineering colleges are recog- 
nizing this two-fold objective. They 
are broadening their base and are aim- 
ing at a more rounded education. Non- 
engineering subjects are given a higher 
status than that of mere service courses 
and will now not only contribute to 
professional success, but be vital to 
the total education. This means that a 
ribbon of non-engineering courses will 
run through the four years of college, 
although an essentially professional ob- 
jective is maintained. The interrela- 
tionship of the practical and the cul- 
' tural is clearly accepted. This broad- 
ening of the base of engineering educa- 
tion may do things to some of the spé- 
cialized courses formerly given in the 
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undergraduate curriculum and give ay 
impetus to a fifth year for all who wish brief ar 
to go into research work, looking to appeal 
ward a Master’s degree. This tend tion, th 
ency will parallel the type of training on 3 
long associated with the liberal arts § pyows 
colleges, at the same time preserving 


enginee 


the preponderance of technical work. Se 
The Committee recommends a propor training 
tion of four or three to one between the ff geemed 
scientific-technological and humanistic ff jnowle 
social groups. This is not far from the wciety 
proportion, in reverse, in an average the imp 
course in a liberal arts college. in their 


All this tends to shift the tasks of Band sh: 





the teachers of English in engineeri ing wit! 
colleges. First, let it be said that teach ff ggerly 
ers of English must and can adapt § ments 

themselves better to the engineering § tundec 
atmosphere and try to understand more puts th 
adequately the professional standards enginee 
and needs of the graduates. This will § wer be: 
not always be easy and will call for § ang pu 
closer cooperation throughout the § ties of ; 
whole faculty than has often prevailed § jf. A 


The teacher of English need not cease § than be 
to be a specialist in his field, but he § taught t 
must be a part of the engineering edtt §f tecognit 
cative process. Next, the task of the § jem js s 
teachers of English is turned toward J ways p 
the personal enrichment of the eng the con 
neering student. It is more interpre § the prot 
tive, more stimulating, more educative, § wate en; 
not devoted solely to developing skills § [et ,, 
in writing. It requires the teacher # § of time 
stress organization of thought, not § Hyumani 
mere accumulation of knowledge;  § courses . 
emphasize the power of analysis rathet ing out 
than absorption of rules; to put bi § gestions 
time on building up standards of judg § a maxin 
ment rather than on routine drill. The § time be: 
teachers of English and of socidl § Social g 
sciences have been given a new parti § course 
the training of engineers. - ~ Pyears 1 

Instead of trying to re-write the sit § addition 
aims presented in the Report of will be 
Committee, we may put the aims @§ courses, 
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engineering education as a whole in a 
brief and general form, a form that will 

to all of us. Without elabora- 
tion, three aspects of engineering edu- 
cation are being set forth somewhat as 
follows: (1) that professional engi- 
neers (the graduates of engineering 
colleges) in being given the technical 
training in classroom and laboratory 
deemed essential, shall direct their 
inowledge and skill to the service of 
society; (2) that they shall recognize 
the importance of human relationships 
intheir professional and business duties 
ad shall accept leadership in work- 
ing with others ; and (3) that they shall 
agerly cultivate the personal attain- 
ments and satisfactions of a well 
founded life. Such a statement clearly 
puts the professional interests of the 
egineer first, but more clearly than 
eer before, perhaps, stresses his civic 
ad public obligations and the quali- 
ties of a rich and meaningful personal 
life. A better perspective is secured 
than before. To those of us who have 
taught the humanities this is not merely 
tecognition but adoption. Our prob- 
lem is shifting to that of finding all the 
ways possible for the enrichment of 
the contribution that we can make to 
the professional efficiency of the grad- 
tate engineer. 

Let us now look at the distribution 
of time and subject matter within the 
Humanistic-Social Division. | What 
courses are most essential in the round- 
ing out process? Accepting the sug- 
gestions of the S.P.E.E. Committee of 
amaximum of twenty-five per cent of 
time being given to the Humanistic- 
Social group, we will have at least one 
course every term for the full four 
years or eight semester courses. In 
addition to the required courses there 
will be certain elective or optional 
courses, amounting to perhaps four 
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Twelve semester 
courses will mean from thirty to forty 
semester credit hours in the full en- 
gineering four-year period. The elec- 
tive principle can, of course, with some 
limitations, be applied also to courses 


semester courses. 


in technical fields, with a definite 
broadening of the education. Pro- 
vided some clear definitions are drawn 
in the classification of subjects as tech- 
nical or non-technical, there will be no 
objection by anyone to the extension of 
the elective principle. Such defini- 
tions have not always been made. 
Some technical courses have been con- 
sidered as non-technical electives for 
students in other engineering depart- 
ments. The difficulty here is height- 
ened by a necessary admission that 
many courses may be taught with a 
cultural emphasis if the teacher wishes 
to give that emphasis. The technical 
courses in one department may well be 
offered to students in another depart- 
ment with a more liberal interpretation 
than that which is given in the origi- 
nal department. Such a plan would 
broaden the base of the general, funda- 
mental courses, displacing some of the 
more specialized courses for some stu- 
dents. But the prerogative of offering 
non-technical options should for the 
most part be given to the teachers in 
the Humanistic-Social Division. Two 
sets of options that would not inter- 
fere is the better plan, one set in the 
technical field and the other set in the 
non-technical field. But let us turn 
again to the required courses that will 
make the ribbon of non-technical work 
through the whole four-year period. 
From within the Humanistic-Social 
Division let us put down ten courses 
that will provide the required studies. 
As a tentative list, take this: Argu- 
mentation and Debate, _ Expository 
Writing with a chiefly technical ap- 
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plication, Expository Writing with a 
literary application (the Essay), Types 
of Literature (as distinct from a Sur- 
vey course), Great Drama, Public 
Speaking, Elementary Economics, His- 
tory of Europe (the World) Since 
Napoleon, History of Science or Tech- 
nological Development, and General 
Psychology. Three or four electives 
may be chosen from the following list : 
American Literature, American His- 
tory, Contemporary Literature, Eco- 
nomic Geography, Philosophy, Labor 
Problems (or Management), Soci- 
ology, Music Appreciation (or the 
study of some other of the Fine Arts), 
and Journalism. This offers approxi- 
mately a fifty-fifty choice between the 
two departments of Language and Lit- 
erature and Social Studies. In regard 


to a course in Composition, such a 
course as is usually called Freshman 
English, two remarks must be made. 


Much can be said in favor of stich a 
course in view of the variations in 
thoroughness in high schools and of 
the fundamental nature of the work. 
But first, it is work that in theory be- 
longs to the high schools or even the 
grade schools. Elementary English 
composition, like arithmetic, ought to 
be presupposed in a college student’s 
equipment. Advanced courses in Crea- 
tive Writing or in specialized fields 
such as Journalism are of college grade, 
but if college education means anything 
it ought to be able to demand certain 
abilities in its applicants for admission. 
Among such qualifications would surely 
be the ability to perform the elementary 
processes of numbering and the ability 
to write acceptable English prose. As 
a concession to the experience of all of 
us, that we tend to become careless or 
forgetful, colleges may well provide 
quick reviews or practice periods as 
extra, non-credit classes. The other 


’ Humanistic-Social Division. 
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point is that Composition is disti 

a tool course, and if-it is deemed neces. 
sary to include it, time for it should. 
not come out of the time allotted to the 
Most of 
the work in English in college should, 
therefore, be in Literature or in certain 
advanced courses in writing in which 
qualities of style are stressed. 

Some other courses that have some 
cultural importance are also classified 
here in the Scientific-Technological Di- 
vision. Examples would be: Business 
Law, Engineering Administration, and 
Accountancy. Some other subjects 
might well be included, but would no 
be whole semester courses ; such would 
be: the Engineering Profession, Pro 
fessional Ethics, History of Latin 
America, Political Organizations ot 
Systems (an expanded Civics), and 
the Theory of Evolution. Such topics 
may be made parts of other standard 
courses. The courses in literature a 
taught in engineering colleges will um 
doubtedly have some characteristics of 
their own. The material will be m 
clusive rather than specialized; ‘the 
breadth, however, will be that of form 
rather than that of time. Types courses 
are better than Survey courses, because 
Types courses include examples from 
several national or racial backgrounds, 
in a comparative sort of way. Spe 
mens of literature should be read for 
their ideas and their style, rather than 
for their detailed biographical or hit 
torical information. They should pre 
sent human problems and human phi- 
losophies, rather than offer research 
opportunities in literary scholarship 
They should illumine the times out @ 
which they come, rather than be pe 
culiar or queer pieces of writing. The 


- glory of literature is the skill of th 


author in putting into words interest 
ing or significant experiences. It & 
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the old combination of truth and beauty. 
Literature has a stimulating effect 
upon the imagination of its readers and 
assists them to develop standards of 
good judgment in the realms of the 
artistic. By the sheer beauty of execu- 
tion or by worth of thought an author 
may be important, but chiefly by a com- 
bination of these two achievements 
does he attain significance. College 
should bring to its students a rich ex- 
perience in those courses in which hu- 
man life and human personalities are 
described. 

To some extent these results may be 
reached in courses in history, eco- 
nomics, geography, sociology, or po- 
litical science, but for the most part 
books in these subjects approach the 
usual textbook point of view in which 
factual information or its interpreta- 
tion is foremost. The purpose in the 
Studies in the social field is to learn 
about man—his development, the or- 
ganizations he has set up, the material 
foundations of his life, the communal 
telationships he has revealed—and 
these differ from the purposes of the 
study of literature. They are taught 
with a semi-professional bearing ; they 
are concerned with factual, statistical, 
and legalistic considerations. Some 
valuable skills or techniques are de- 
tived from them and their predictive 
or guiding value is noteworthy, but 
there is lacking the full measure of in- 
dividual stimulation or personal appeal 
that is attained through literature. 
Certainly the teaching of these sub- 
jects is the province of men trained in 
Ways quite different from those that 
the teachers of English have followed. 

Another problem arises here. Can 
literature be combined with the ma- 
terial of the social studies? Can Eng- 
lish teachers use the textbooks of the 
Social science courses? ‘Some have 
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felt that that is possible, even extend- 
ing the idea to include some of the 
technical subjects. Teachers of Eng- 
lish can give grades on the written 


work prepared for other courses, but 


most of us feel that we cannot teach 
English composition. and certainly not 
literature in that way. We can be - 
helpful as advisers and editors pro- 
vided that the responsibility for the 
subject matter is shared by others well 
qualified in the field involved. The 
word integration is used by some to 
apply to such cooperation, but class- 
room procedures require rather differ- 
ent teaching skills. Much the same 
objection applies to omnibus courses 
that crowd a little bit of everything 
into a poorly-organized term’s work. 
Catch-all courses lack appeal to dis- 
ciplined minds. The scientific method 
and the cultural viewpoint can both be 
developed and displayed in the same 
person, but hardly by using one text- 
book or by making a new alloy of sub- 
ject matter. 

Another problem arises in regard 
to Modern Languages. Should the 
Humanistic-Social Division include 
them with time and space provided? 
Recently the emphasis on German or 
Spanish, the two languages most fre- 
quently included, has decreased. Even 
if a place for one or more of the lan- 
guages is found, the value to the engi- 
neer is admittedly practical, either for 
gaining information of technical proc- 
esses or for communication in business 
and industry. Languages belong to the 
tool classification and are to be as- 
signed to the Scientific-Technological 
Division. Language in this sense in- 
cludes the correct use of English, as 
already noted. Language is a funda- 
mental tool of all education, and a study 
of language as distinct from literature 
is not one of major cultural value. 
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The teaching problem is found in 
English as in every field. A teacher 
should have had some guidance in the 
methods and skills of classroom con- 
duct. Inasmuch as engineering schools 
do not aim to prepare men for the 
teaching profession, some outside pro- 
vision will have to be made for the ac- 
quisition of the desired techniques by 
teachers of language and literature. 
The availability of men who will teach 
in engineering colleges, with its prob- 
lems different from those of a liberal 
arts college, is an increasing difficulty. 
Interchange between the two types of 
school is not always easy. Teaching 
ability is as important as research in 
teachers in an engineering college. Put 
in extreme language, uninteresting and 
less profitable subject matter may be 
made significant by a skilled teacher ; 
and rich and rewarding subject matter 
may be ruined by an indifferent and 
bungling teacher. The more strictly 
technical courses may be given a genu- 
ine cultural power by a wise, broadly 
sympathetic teacher. The chances are 
somewhat against this being the case, 
but if all who teach in engineering col- 
leges can have had some training in 
psychology and the art of teaching as 
well as a thorough training in their 
scientific specialty, the whole tone of 
engineering education will be lifted. 
Much the same thing may be said 
about the success of the industrialist or 
the executive engineer, for both of 
these as well as the engineer that 
teaches must deal with persons almost 
as much as they deal with materials. 
This modern demand is of course recog- 
nized now and is another argument 
for the Humanistic-Social program. 
Another remark, often made before, 
may be re-stated here, that inasmuch as 
the English language is the medium 
through which mechanics, metallurgy, 
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there is still a divergence of interests 
that make a combination of all the work 
under one administrative head unwise. 
The requirements of physical space, 
time in the schedule, and assignment 
of duties present many difficulties, 
More important, the policy making and 
associations with the heads of the engi- 
neering departments may easily bring 
incongruities if not conflicts. The pos- 
sible, even probable, personal preju- 
dices of a department head will tend 
to cause friction. The inherent differ- 
ences between the natures of language 
and literature and the social studies 
make it difficult for one man to be en- 
tirely fair to all the associated groups 
or individuals. This is especially true 
if the head of a combined department 
has grown up in one of the smaller 
sections through a long period of years. 
He will be attempting to occupy not an 
academic chair but a whole setee. 
Possibly, however, a single adminis- 
trative head of an inclusive department 
may be acceptable, provided that the 
department sets up standard subdivi- 
sions, each with an executive head. 








| In other 
physics, chemistry, etc., are taught to | jpg in 
students, the insistence by the teachers | 4 to m« 
of these subjects on correctness of | Hse 
vocabulary, grammar, and form (spell. | are trait 
ing?) will do a great deal to make en- for a su 
gineers aware of the constant impor | then a « 
tance of good writing. counsels 
The establishment of the Humanis- | may be 
tic-Social Division raises the question  yould t 
of organization and control within the | rant an 
Division at any college. This problem | ment. 
involves several factors, such as the  organiz: 
type of institution, the number of | mittee, 
courses taught, the size of staff, the operatic 
budgetary allowance, the facilities of helpful ; 
rooms and offices, etc. From what has | fusion - 
been said, the conclusion may be drawn advanta 
that even when the facilities and the If the 
number of men available are adequate, | fifth to 











| Jnother words, if the policy determin- 
it to | ing in English courses and decisions 
hers | as to methods of teaching as well as of 


$ Of | gurse content are left to ‘those who 
pell- are trained in that field, and similarily 
-e€n- fora sub-department of Social Studies, 
por- | then a combination of influence in the 
' counsels of the institution as a whole 
inis- may be strengthened. That objective 
tion would be the only one that would war- 
the | rant an otherwise awkward arrange- 
lem { ment. Better even than such a close 
the organization would be that of a Com- 
of | mittee, Board, or Staff Faculty. Co- 
the — gperation, even federation, may be very 
} Of helpful ; amalgamation, combination, or 
has § fusion would almost certainly not be 
wh = advantageous. 


If the principle of allotting from one- 
| fifth to one-fourth of the total time for 
| 
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class schedules to the Humanistic- 
Social Division be followed, then it 
would be logical to assume that in 
Steering Committees, Executive Bod- 
ies, or Boards of Directors of individ- 
ual schools, that same proportion of 
personnel be recognized. The same 
principle could be further extended to 
the Boards of Directors or Executive 
Committees of district and national or- 
ganizations of engineering societies. 
The problems of the English teach- 
ers are shifting, but problems are still 
with us. We in that group have 


worked with college administrations 
and with practicing engineers for many 
years in considerable harmony. We 
welcome the larger opportunities that 
are now open to us in the engineering 
colleges of the country. 









The United States Armed Forces Institute Examina- 
tions in Mathematics as a Means of Determining 
Credit in Engineering Mathematics 


By JAMES H. ZANT 
Professor and Acting Head, Dept. of Mathematics, Oklahoma A. & M. College 


As the time draws near for the ex- 
pected great post-war influx of stu- 
dents into the colleges the importance 
of some method of determining what 
college credit a returned man should 
have for his educational development 
while in military service becomes more 
apparent. This is especially true in 
engineering mathematics. The neces- 
sity of sound mathematical knowledge 
to the engineer and the engineering 
student has been recognized much more 
universally since the war started than 
before. Hence we must search care- 
fully for means of evaluating mathemat- 
ical knowledge gained through Army 
and Navy experience in a way that will 
be fair to the veteran, but we must also 
be careful not to handicap him by al- 
lowing him to take advanced courses 
in mathematics or engineering for 
which he is not prepared. 

One such means which has been pro- 
posed is the United States Armed 
Forces Institute Examinations. These 
examinations, often spoken of as the 
U.S.A.F.I. tests, come highly recom- 
mended by the armed forces and will 
probably be widely used by them and 
by the Veterans Administration. It is 
the purpose of this paper to discuss the 
origin and purposes of the tests, tell 
-where they may be obtained and say 


something about norms and _ possible 


uses. A later paper will discuss the 
results of the actual use of the tests in 
some of our colleges. 

The U.S.A.F.I. was established to 
provide off-duty educational oppor- 
tunities for service personnel and as a 
part of this program established an 
Examination Staff at the University of 
Chicago which constructed the U.S.A. 
F.I. examinations. These examina- 
tions are for the purpose of “reporting 
the educational achievements and status 
of service personnel to the educational 
institutions at which these men and 
women may wish to establish credit.”* 
Notice that “achievements and status” 
are to be reported. No institution is 
required to grant credit on the basis of 
this evidence. However, it seems ap 
parent that students will come to ws 
with ratings on these tests and we 
must make some decision regarding 
them. 

In engineering mathematics we shall 
be concerned with five tests, College 
Algebra, Plane Trigonometry, Ana- 
lytic Geometry, Differential Calculus 
and Integral Calculus. The first forms 


1 The United States Armed Forces, Manual 
for Subject Tests, The American Council on 
Education, 1944, p. 1. 
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of these tests were found to be un- 
satisfactory and are no longer in use. 


“In June, 1944, Professor M. H. Stone, 
Chairman of the War Policy Committee 
of the American Mathematical Society 
and the Mathematical Association of 
America, appointed a Subcommittee on 
Examinations to advise the Examinations 
Staff of the United States Armed Forces 
Institute in connection with examinations 
in mathematics at the college level to be 
sponsored by the U.S.A.F.I. This Sub- 
committee. was instituted at the request 
of Professor R. W. Tyler, Director of the 
Examinations Staff for the U.S.A.F.L., 
following initial contact between Pro- 
fessor Tyler and the War Training Pro- 
grams Subcommittee of the War Policy 
Committee. The following individuals 
were appointed to this Subcommittee: 
Professors Ralph Beatley (Harvard) ; 
L.L. Dines (Carnegie Institute of Tech- 
nology) ; W. L. Hart (Minnesota) ; C. C. 
MacDuffee (Wisconsin); W. T. Reid 
(Northwestern; Chicago, at time of ap- 
pointment), Chairman. 

“At a meeting of the Subcommittee 
held early in July 1944, it was decided to 
concentrate on perfecting the U.S.A.F.I. 
tubject examinations for College Alge- 
bra, Plane Trigonometry, Analytic Ge- 
ometry, and Calculus. The Subcommit- 
tee devoted its efforts to' this task from 
that time until November 30, 1944, when 
the examinations construction project of 
the U.S.A.F.I. was terminated by the 
War Department. 

“The purpose of these subject examina- 
tions is to provide an instrument for 
tvaluating the work of men in courses 
taken under the auspices of the U.S.A.F.I. 
A large number of men have received 
some mathematical training while in the 
Armed Forces, and these examinations 
ate planned to help meet the need for 
some means of providing fair credit and 
Proper placement for these men when 
they return to collegiate institutions. The 
&aminations are of the multiple choice 
type; the revised forms prepared by this 
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Subcommitte have been planned for ex- 
amination periods three hours in length. 
The selection of material covered by 
these examinations was based on results 
of an extensive sampling of the opinions 
of college departments of mathematics in 
regard to the content of courses in the 
considered subjects. These opinions were 
secured at the suggestion of Professor 
Tyler, by circulating in June, 1944, a 
questionnaire prepared by Professor Reid, 
with the aid of Professor Hart. 

“Each of these examinations has been 
prepared in‘ two forms. One of these 
forms, referred to as Form A, is the con- 
fidential form administered only under 
safeguards provided by the U.S.A.F.I. 
The War Department has made arrange- 
ments for the Form A of the examina- 
tions to be given under the following 
three conditions: firstly, by the Armed 
Forces Institute for men and women in 
service; secondly, by the Veterans Ad- 
ministration for those who seek voca- 
tional and educational guidance from 
one of the Veterans Advisement Centers; 
thirdly, by the Veterans Testing Service 
which is being set up op the campus of 
the University of Chicago by the Ameri- 
can Council on Education. Copies of the 
other form, Form B, of these examina- 
tions may be purchased from the Ameri- 
can Council on Education by faculty 
members of educational institutions; 
orders for these tests should be ad- 
dressed to Cooperative Test Service, 15 
Amsterdam Avenue, New York, N. Y. 
Some institutions may desire to use re- 
sults on Form B of the examinations in 
granting credit for work done with the 
U.S.A.F.I. If an institution desires to 
use Form A of one of these examinations 
in accrediting the work of a given in- 
dividual, however, application should be 
made to the Veterans Testing Service, 
The University of Chicago, 6010 Dor- 
chester Avenue, Chicago 37, Ill. In re- 
sponse to such an application a copy of 
the examination will be issued to a duly 
appointed representative of the institution 
for administration, and subsequent re- 
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turn of examination and answer sheet to 
Chicago for scoring and recording. 

“In view of the late date of prepara- 
tion, the forms of these subject examina- 


tions prepared by this Subcommittee have . 


' not been standardized by the Armed 
Forces Institute. Both forms A and B 
of these examinations will be standard- 
ized in the near future, however, under 
a project that is being undertaken jointly 
by the War Department and Cooperative 
Test Service of the American Council on 
Education.” ? 

“The procedure of examination con- 
struction used by the Subcommittee was 
as follows: 


(a) One member of the committee as- 
sumed the responsibility of constructing 
the examination in a given course; 

(b) subsequent to the construction of 
an examination, two other members 
served as official critics, going over thor- 
oughly all questions and responses, and 
offering criticisms and suggestions ; 

(c) after the member responsible for 
the construction had made revisions in 
the light of the criticisms of the official 
critics, the examination was submitted to 
the group as a whole for further criti- 
cism, and, finally, for approval.” * 


THE EvALuaTION OF ACHIEVEMENT 
IN TERMS OF LocaAL NEEDS 


As stated above norms for the mathe- 
matics tests of this series are not yet 
available, but will be soon. However, 
the desirability of relating varying de- 
grees of achievement on the tests to the 
scholastic standards of the local insti- 
tution cannot be stressed too often. 
“It is fundamental to the policy of the 
Armed Forces Institute that there shall 
be no attempt on the part of the In- 
stitute to impose any standards set up 


2W. T. Reid, “Activities of the Committee 
on Examinations,” The American Mathemat- 
ical Monthly, Vol. 52, No. 3 (March 1945), 
pp. 173-175. 

8 [bid., p. 175. 
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by it on the educational institutions of figve in 

the United States. There is the danger, fun may 
however, that educational institutions, | 3, If 

by uncritical acceptance of norms e§ Jyudents 
tablished by the Institute, will impose fitis desi 
upon themselves standards which do fp the t 
not necessarily meet their local needs, Ihe per 
In institutions of higher than average fis the p 
scholastic standards this may result in Igived sc 
overestimates of the educational status fgore. ” 
of returning ‘service men and women, subject t 
Conversely, in institutions serving stu- fijat is, | 
dents of lower than average academic fentative 


background, underestimates of educa} 4, Ho: 
tional status may result. For institu fpembere 
tions of average scholastic standards fg yariou 
and average competence of student per fist the : 


sonnel the published norms may befuin arez 














adequate bases for interpretation, but fample, th 
ideally, each such institution should de fy of five 
termine for itself that this is the case,”* 

Several suggestions are made by the oe 
distributors of the test as to the prefig.. U 
cedure which may be used in local mfg. 17. 
stitutions. These will be summarizedfy One a: 
briefly.  Siqations 

1. The instructors should become§ Sec. III 
thoroughly familiar with each test byjsons, Var 
taking it themselves and by subseg' items. 
quently analyzing the various parts and Sec. IV 
items in order to relate these parts peat 


the objectives of their own courses, ob 
serve the abilities and skills tested, ett 

2. When the test has been given tof Hence, 
a group of students in an institution, ma) 
will then be possible to compare theptdit he 
scores of individuals in the group wi placed ) 
estimates or measures of their previow§ “The i; 
knowledge or with the test norm&Biagnostic 






















ombinati: 


This will serve the purpose of making#lat provic 

future scores on the tests comparablefilerms of 

with the standards of the local institie—f™™"" ” 
ties o 


tions. It must be remembered, ‘ 
course, that classes in college at pres 
ent are not the same sort as we woill 


nt alone 

wi 

peurning 
# United States Armed Forces, op. cit., B31 5W. T. I 
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ns Of figve in normal times and for that rea- 


gn may not be typical. 

3. If or when the total number of 
gudents tested exceeds one hundred, 
itis desirable to convert the raw scores 
m the tests to local percentile ranks. 
The percentile rank of any given score 
isthe percentage of students who re- 
tived scores equal to or less than that 
sore. The use of percentile ranks is 
Jabject to the same limitation as No. 2, 
fat is, the group may not be repre- 
entative. 

4. However, it should also be re- 
membered that the tests are made up 

various parts which are designed to 
st the student on proficiency in cer- 
lain areas of the subject. For ex- 
ample, the college algebra test is made 
+ Iw of five parts. 


“Sec. I. Fundamental Operations, Rad- 
-fals, Exponents, and Linear Equations 
~ |2 One Unknown. 13 items. 
Sec. II. Systems of Linear Equations 
One and Two Unknowns; Quadratic 
quations and Related Topics. 20 items. 
Sec. III. Binomial Theorem, Progres- 
ions, Variations, and Complex Numbers. 
. #4 items. 
Sec. IV. Inequalities and the Theory 
Wi Equations. 14 items. 
Sec. V. Determinants, Permutations, 
mbinations, and Probability. 9 items.” > 


Hence, the student’s scores on these 

may have much to do with the 
yetedit he receives as well as where he 
ith# placed in the college classes. 


Si “The institution that recognizes the 


hostic significance of the part scores, 
feat provides for guidance and placement 
terms of varying degrees of proficiency 
umithin the individual, and offers oppor- 
Mmities of review instruction where place- 
went alone does not solve the individual 
blem will better meet the needs of the 
ming service man or woman than 


5W. T. Reid, op. cit., p. 175. 
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the institution centering its attention on 
the awarding of letter grades.” ® 


CONCLUSIONS AND. SUGGESTIONS 


From this brief discussion, which is 
based on inadequate information about 
these tests, it may be useful to state 
certain conclusions and suggestions. 

1. It is apparent that the tests were 
made hurriedly and probably without 
some of the standard safeguards which 
are usually considered necessary in 
such test construction. For example, 
due to lack of time, probably, the test 
items were not tried out with any con- 
siderable number of students, if at all. 
One should expect, therefore, to find 
that some of the questions will be am- 
biguous or will not test the particular ~ 
skill or knowledge which the test 
makers expected. 

2. However, the wide range of con- 
tact that the tests and test scores will 
necessarily have with colleges and col- 
lege teachers may well serve to stimu- 
late the use of such measuring instru- 
ments for ordinary college personnel. 

3. It may also suggest other ways of 
obtaining information which will aid in 
determining the proper credit and 
placement for these men. 

4. It is very possible that the tests 
or test scores may be used wrong. 

a. Test scores provide only one type 
of information about the needs, achieve- 
ments and interests of the individuals. 
These results form a valuable part of 
the informational background needed 
for proper guidance, but only a part. 

b. The blind use of norms as stand- 
ards which should be attained by all 
has already been referred to. It will 
be the responsibility of the person in- 
terpreting the test results to select and 
use the most suitable bases for a par- 


6 United States Armed Forces, op. cit., p. 8. 
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ticular person or group and to give full 
weight to various other items which 
may be important. 


c. Many teachers feel that to pass a_ 


test in mathematics the student must 
make at least 70 per cent and also that 
every item should measure something 
for the large majority of the class. 
These are serious misconceptions when 
applied to tests of this sort. Since 
these tests must cover a wide range of 
knowledge and ability, they should be 
so adjusted in difficulty that the least 
able of all the men who take them will 
score close to zero, the average student 
will make about half the possible score 
and the very best student will just fall 
short of a perfect score. Since the 
items of these tests were not pre-tested, 


it is not likely that any such an ideal’ 


will exist. 

. 5. If and when similar tests are used 
for civilian classes, the use of the test 
as a kind of abbreviated course of study 
—as a-guide to curriculum content— 
should be strictly avoided. Tests of 

‘this sort are made for the purpose of 
separating the good students from the 
poor ones and may or may not contain 
all the pertinent material for a good 
course of study. 

6. If this wider contact of colleges 
and college teachers with tests of this 
sort is to mean a permanently wider 
use of this type of measuring instru- 
ment, care must be taken in the con- 





U.S.A.F.I. EXAMINATIONS IN MATHEMATICS 


struction of the many tests which wil] 
be needed for college mathematics 
courses. They should be sponsored by 
a reliable organization which has avail- 
able time, money and expert statistical 
advice as well as mathematical knowl 
edge which will be acceptable to the 
main body of college mathematicians, 
The present tests were constructed by 
competent mathematicians appointed 
by the two leading mathematical s9- 
cieties but they may well prove to be 
faulty because of lack of time and per. 
haps lack of the application of wel 
known statistical procedures. 
Within a short time it may be poss-§ [act { 
ble to give a fuller discussion of thes} the engi 


- tests and the results obtained from Grant 


their use. Norms will be determined] fore ma 
within the next few months on th plies oie 
basis of the results found by the use Of ise was 
the tests in a selected list of colleges they we 
This should give us some idea of thf post all 
scores to be expected from regulatl indicatec 
college students. This will assume, of ing wer 
course, that the classes we now BMRB Aico the 
in college are typical classes. Tt iB yore 1s; 
hoped that after the tests are given@§} [¢ jc 
the spring semester of 1945 it will BE ixplain | 
possible to present another paper SHOWS proces, t 
ing the actual results of one or m discus 
colleges using the tests and also gi ig be 
more specific suggestions regarding” 

the possible uses of the mathemaiiag ; 
tests for prospective engineering & 
dents. s 


The Use of Audio-Visual Aids in Engineering 
Instruction 


By W. G. GNAEDINGER, Lieutenant U.S.N.R. 


Training Aids Sect., 


and 


Cc. L. BARKER 
Assistant Professor of Hydraulic Engineering, State College of Washington 


Last fall a survey was conducted of 
the engineering schools of the Land 
Grant Colleges as to what use they 
were making of teaching aids. The re- 
flies were varied. Some said that no 
tse was being made. Others said that 
they were using teaching aids in al- 
ost all courses. Further questions 
indicated that many of the men reply- 
ing were not familiar with the aids. 
i Also the replies indicated that many 
were using the aids without knowing 


enMi it, It is the purpose of this paper to 


[if explain the use of aids in the learning 
uF proces, then to list the aids and finally 


m4 to discuss their use applied to engineer- 


ing classes. 

' When a teacher tries to explain a 
ew problem arising in almost any sub- 
ject, one of his first objectives is to 
show the connection the component 
parts of the new problem have with 
those things with which the student is 
familiar. For instance in discussing 
f the matter of the location of the center 
of presure in hydrostatics, the teacher 
Would show : 


ist, that the force on a small area is 
equal to wyda (something that 
is already known by the stu- 
dent) 


2nd, that the moment of this force 
about the water surface is 
wy*da (another item in the 
student’s knowledge) 
that the summation of all of ' 
the y’da’s written as { wy*da 
= wl (still another item) 
that the total force on the area 
is gwA (still another item) 
that the moment of this force, 
by the laws of mechanics, must 
be gwA multiplied by some 
distance, or gwAy. (another 
known item) 

6th, that gwAy, = wl 
This is also known 

wi 

wyA : 

This latter was not known by the 
student but all steps in its develop- 
ment were. This process of breaking 
an operation or problem down into its 
parts may be called differentiation. It 
is a very important step in learning. 

Consequently it is readily seen that 
the process of putting the parts to- 
gether so that they make up the entire 
problem could be called integration. 
Or to carry on the illustration still 
further if an engineer was to design a. 
sluice gate on a dam, he would have 


7th, finally Xe = 
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to go through the steps first of break- 
ing down the problem, then later put- 
ting these parts together so they fit 
into the picture. In learning to handle 


any analysis these steps of differentia- - 


tion and integration must be handled 
satisfactorily. 

To continue with this same idea. If 
one were to consider the design of a 
gate of any shape, at any depth in a 
fluid of any density, his problem, to 
say the least, would be quite abstract. 
This is the type one does not give to 
his beginning students. In fact the 
teacher tries to be very concrete. He 
specifically states the gate is of a cer- 
tain shape, at a certain depth, in a 
liquid of known density. Why? So 
that the problem is brought within the 
range of experiences of the student. 
In a calculus book used in many engi- 
neering schools a few years ago, after 
the principles of maximum and ,mini- 
mum had been discussed, the next 
chapter was entitled “The Economical 
Dimensions of a Coal Bin.” That 
chapter heading caused the book to be 
put on the black list by many mathe- 
matics professors—but to Dalaker and 
Hartig, the authors, and to their stu- 
dents who had shoveled coal in the 
cold winters of Minnesota it had real 
significance. Although the solution 
called for a bin to be made of wood, 
the problem was concrete in the ex- 
periences of the students. 

Now as the student progresses in his 
study in hydrostatics, he is given prob- 
lems which are of increasing difficulty. 
Perhaps one should say they are of 
more abstraction. It is the instructor’s 
hope, because of the richness of the 
student’s experiences in previous less 
abstract problems, he will be able to 
handle the process of differentiation of 

.the abstraction and then to reach a 
solution by integrating the parts. This 
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is the common way new and difficult 
material is presented. 

How will teaching aids assist in this 
presentation ? 

One of the objectives of the audio 
and visual aids is to enrich the sty 
dent’s experiences. They provide him Sar 
with the mental experiences, so that gd 
he can go through the breaking down 
or differentiation process first, and then 
reassembling or integrating the parts, 
thereby arriving at a solution. A Byinci 
sketch is made on the board to illus 
trate. Still better would be a picture 
or drawing ; if motion is to be involved, 
then a picture in motion. Finally to $e may b 
give the student the most intimate con- $f the pr 
tact possible, except as a worker on Qglected 1 












dboard 




















a job, would be a visit to the job=iween the 
seeing how, when, where and why the Barts. 
work is done. The fin: 
Another objective of the aids is to §gimulate | 
eliminate “verbalism”—the use of Mime by th 
words in a manner that their use may will 
be misinterpreted. - Boundarie: 
We have long used sketches. Pet Best paths 
haps we did not know it was to elim- § The fou 
nate verbalism, but we knew that 4 fie studen 
sketch told a lot. It is a visual aid verba 
It also brings the words of a problem §ipstimula' 
into something that is fairly concrete, Bie of sor 
It does something else. To draw thefmy or m 
sketch one has to become familiat mst any 
enough with the data so that part of mon the 
the process of differentiation and i fie use mz 
tegration is done—and the aid has been § Up to tt 
the means. Emde to 1 
Still another function of the audio Bet till the 
visual aids is the problem of motiv®§ One aut 
tion. This motivation may be of tW0fiiing the ( 





types—one creating sufficient interest fis follows: 
so that the student wishes to study} A. Scho 
much more—and the other type show-# B. Mus. 
ing the disastrous results from failingf-C, Moti 
to follow directions. This latter is wel§ D. Still 
illustrated by the Army film “Keep’Em§ E. Grap 
Clean.” From this film no soldier wil >=——— 
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n a thing about cleaning a gun, but 
mer seeing the film he will want to 
ep his gun clean. 
The motivation produced by the aids 
susually novel. The aids are inter- 
ing to the student. Concrete results 
» be shown. Some forms of aids 
ach as demonstration apparatus pro- 
opportunities for the student to 
nipulate. 
The aids provide clarification. The 
iminciples of the operation of the valve 
chanism of a gas engine are greatly 
ified by a cut-away model or a 
ladboard model. The subject stud- 
id may be further clarified, by the use 
athe proper aids, in that the aid 
ected may show the relation be- 
the functions-of the various 
s. 
The final objective of the aid is to 
simulate further study. This is easily 
ne by the proper selection of the aids. 
hey will show the student where the 
oundaries of knowledge lie and sug- 
st paths of attack. 
The four objectives—(a) to enrich 
student’s experiences ; (b) to elimi- 
le verbalism; (c) to motivate; (d) 
bstimulate—are very worthy. In the 
of some teachers these objectives 
May or may not be all obtained to al- 
any degree depending largely 
yn the carefulness of selection and 
use made. 
Up to this point no attempt has been 
made to list all the aids. This was 


kit till the objectives could be set up. 


One author in his book of “Visual- 
g the Curriculum,” * lists the aids 
8 follows : 

A. School journey—inspection trips 
B. Museum material 

C. Motion pictures 

D. Still pictures 

E. Graphic materials 

_ 


*Hoban, Hoban and Zisman. 
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The Navy has found it advantageous 
to use the audio and visual aids to a 
great extent. On one subject they use 
a 16 mm. motion picture in sound deal- 
ing with operation ; six film strips cov- 
ering theory, construction (showing 
cut away) and maintenance; then a 
well illustrated operator’s manual with 
large, full-size drawings and finally an 
instructor’s manual showing how to 
use the material. The variety is such 
that the instructor can select the aid 
needed at the time. This is important. 
Also note that the use of aids does not 
stop with the movie. The movie is 
used anly to show those things which 
can best be shown by that medium. 

The Navy has used charts and dia- 
grams in many ways. Hundreds are 
available on diesel engines alone; 
several hundred on steamengines. The 
third dimension has been added. 
Models have glamour. Clear and 
colored plastics have been used. Means 
have been provided that make it possi- 
ble to reduce those things, too large to 
fit in the classroom, to a small size. 
Alsc those things too small to be seen 
clearly are now magnified. Those 
things that move can now be seen in 
motion, as if standing still. A large 
blackboard globe 24” to 36” in diam-_ 
eter is used in navigation. Lines can 
be drawn on it. Also a quadrant, 
showing the inside of a celestial sphere, 
is available for showing the principles 
of star shots, etc. All of these and 
many more that you can think of are 
definitely aids. They all tend to make 
the transition from the abstract to the 
concrete easier by enriching the stu- 
dent’s experience, by eliminating use- 
less words, by motivating and by stimu- 
lating. Much can be said on the effec- 
tiveness of any of these aids. 

What, then, is the significance of 
this business of “audio-visual aids,” as 
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far as our jobs are concerned? What 
does this mean in teaching engineer- 
ing? Most of the aids themselves, the 
blackboard, the map, model, and movie, 


have been part of our teaching equip-- 


ment for a long time. 

Broadly speaking, two avenues of 
activity are open to engineering in- 
structors today, both with considerable 
promise of increments in faster learn- 
ing, greater interest, and increased un- 
derstanding on the part of engineering 
students. 

First of these is attention on the part 
of instructors to the important matter 
of selecting and using teaching tools to 
do the best job for them. The teacher’s 
job involves two phases, first to help 
learn particulars or details, and from 
these to develop skill in arriving at 
generalizations, rich and meaningful. 
To assist a class to arrive at this de- 
sirable goal, audio and visual aids can 
provide some important assistance, in 
providing a common background of 
experience, in arousing interest, in en- 
larging the microscopic, in condens- 
ing the gigantic—in making concepts 
“classroom size,” vivid, and real. But 
the training aid cannot do any of these 
things by itself. There are a few para- 
mount principles regarding: the use of 
such teaching devices in the lecture 
room which must be borne in mind to 
guarantee results. 

First: select with care. Certain 
teaching aids will do a specific job 
better than others. For example, if a 
study is to be made of a concrete 
bridge, what method will best serve to 
present an image of the structure? 
Probably not a motion picture—no 
motion is involved. Perhaps a model 
—therein are three dimensions, true 
perspective, needing only translation 
via scale to be reality. Lacking the 
model, perhaps a picture, drawing, or 
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turer. Give the aid a chance. Into 









sketch will serve, or some selection of 
two or more devices will be ae of 
Whatever the items selected, thes Bins us 
questions should be answered. Do the# All of | 
aid or aids selected offer the assistance imonds 1 
needed so that each member of theclassf. On 
will understand what the instructor mre, aft 
wants to teach? Assuming that thisf.. .. 
can be accomplished, is this the best® 
that can be done? Will it enrich they: 
class’s knowledge of our subject? Will 
it interest them to the degree that theyfiy com 
will look further for additional infor § 4 hee 
mation? In other words, has the tf asents 
structor selected the best possible tha: 
means to present this topic or unit 8. tatkir 
his class, in terms of what they musth The c¢ 
learn? Stn ceri 

Second : having made a critical selee ns 
tion, the aids must be presented sia. ayai 
that meanings are clear and related tH iy do ¢1 
class thinking. Just as one links tia) one 
day’s lecture with the closing words@ifien + 
the last class section, so should one iBone 
troduce the new diagram on the bladeBjance oj 
board, or the motion picture to Biiiono i 
shown, or the model set up on the dems devel: 


your ti 


away 
iz rout 
heart, 
ir onl 













onstration table. Particularly imporgy profe 
tant is this in cases where one i$ Bay cont; 
project pictures whose brilliant imagegy, e-pc 
is going to focus class attention on Bee owr 


pictures, not on the voice of the lB Ajreaq 


duce it to the class. Tell them wha” 
they are going to experience and why. 
Give them a question or two to muy” 
over during presentation, and to ar 
swer afterward. Avoid irrelevant me 
terial, and plan the timing of introdut- 
tion to fit the class schedule whenj- 
meaning will be at its highest. 

Third: having used a training aid) 
check on the class, the aid, and you 
self. Ask some questions, open a di 
cussion, pop a test, pose a proble 
and find out how well your point wag” 
carried. This on-the-spot evaluationj” 
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your truest measure of the effective- 
of your instruction—and the 

ans used to accomplish it. : 
l of this to an already busy teacher 
gunds like more work. Frankly, it 
s On the other hand, it is not much 
‘uctot Fiore, after the first few tries at break- 
t this ig away from a strict lecture-problem- 
+ best qiz routine. Teachers; like the pure 
h the i heart, will find their ultimate re- 
Will ward only in heaven, but you can col- 
mt some advance payments on earth 
%Fyth livelier classes, more interested 
1 Miidents, and people coming to you 
ssible Ryith thanks for “showing me what you 

nit 8 re talking about.” 

must The second of the things which the 
'Bagineering teacher can do to improve 


7 fis command of a stock of teaching 
EP) ee 


the 
infor- 


Through his own depart- 
cooperative 


through action, 
*§imong college departments, by inter- 
black. dange of ideas, materials and facilities 
(0 MEimong institutions, and by promotion 
dem f development of teaching materials 
professional associations, teachers 
h contribute to the accumulation of 
firce-pools of teaching materials at 

fieir own and other institutions. 


¢ lef Already in existence at many col- 
[ntro- 
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leges, but behind in accomplishment in 
comparison to many progressive pub- 
lic schools, are full-fledged departments 
whose job it is to provide instructors 
with the help they need to keep their 
instruction on a vital, progressive plane. 
A logical adjunct to the professional 
library is the professional “Instructor 
Services Department.” Here is col- 
lected the files of pictures (thousands 
of them in some schools), mounted for 
easy use, or photographed as lantern 
slides and slide films. Here is a mo- 
tion picture library, a collection of 
models, posters, graphs, charts, dio- 
ramas, synthetic training devices. 
Here, too, is a production unit for 
producing needed new material, new 
pictures, drawings, schematics, in 
short—here is the institutional center 
which matches the book collection 
which forms the basis for lecture notes, 
different from that institutional serv- 
ice only in its stock in trade. Both 
are dedicated to the same idea—to 
provide ideas, information, and illus- 
trations to make teaching effective, and 
thereby meaningful to pupil and in- 
structor ‘alike. ’ 


No objection to publication for security 
reasons. 





Refresher Courses, A Phase of Continuation- 
Education 


By LOWELL O. STEWART 
Professor and Head, Civil Engineering, Iowa State College 


One of the immediate problems that 
is just around the corner for us in en- 
gineering education is the formulation 
and teaching of a type of course that 
has been designated frequently as a 
“refresher course.” The current de- 
mand for such a course, as well as the 
name, seems to have grown out of the 
war. Large numbers of engineering 
graduates were called to military serv- 
ice on the day of graduation; some re- 
ceived their diplomas in absentia. All 
of these men went to war before they 
had had opportunities to take positions 
as college graduates usually do at com- 
mencement time. An older group of 
engineers left their positions and took 
military leave to enter the armed 
forces. In the minds of many men in 
both groups there is a common feel- 
ing, namely, that their work in the war 
has not been of a nature that demands 
the use of engineering skills which 
would enable them to “keep up” in 
their professional fields, and that they 
know nothing, or very little, about the 
wartime advances in technology. Na- 
turally, this feeling makes some of 
them a little worried, even “panicky,” 
as the day draws nearer when they will 
return to civilian life to resume the 
building of their professional careers. 

Before discussing the details of the 
contents of some of these “refresher 
courses” I would like to point out that 
they are a phase of a much larger 
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movement, one that has been growing Byer cc 
steadily in importance and magnitude Bix. It 
I refer to adult education, or continua gmeral 
tion-education, as it is sometimes more Buecific 
accurately designated. There are many Biccionall 
types of such programs crea ldready 
through the entire system of organized §, 
education from the public schools tf. 
the universities. Other areas are cov, 
ered by public and private clubs, by 
governmental agencies, and by pm 
fessionai societies and industrial com fh Co: 
panies. Doubtless, improvement in the yfogram 
media by which information can Defygy reli 
transmitted, in the written and spoken fmn of 
form and with visual aids, has had aay his f 
important effect in this development Biyelopn 
Although all of these programs aft Bieids 
important and make significant cot find law, 
tributions to the education of adults ify rapid 
many areas, they do not furnish techfannot 
nical education to engineers at the levtl finowled, 
which the engineering graduate tft recog 
quires. Perhaps an example.will make Bjeifare 
that difference clearer. To college atlfman mu: 
university people the best known ent de 
education programs are those that aig may ; 
handled through the extension depatt fie to th 
ments of the colleges and universiti€s Bilies wit 
Of these the work in agricultural and fig, 
home economics extension has a vet) igh; 
broad coverage. Their aim, generallff 


day living: to help them grow biggetirir 
crops or raise better cows, or to baktiaj 
better cakes, or to use electricity. If 
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gme states there are extension and 
dort courses for sewage and water 
jant operators. These are practical 

ms pitched to meet the needs 
md abilities of people who till the soil 
gmake homes. They are not designed 
fr and in many instances would not 
wpeal to the college or university grad- 
ute in the professional fields. 

The expanded continuation-educa- 
fon program of the future will have a 
wder coverage than the present one 
fas. It will offer courses in broad or 
gneral education, and courses of a 
gecific technical nature for the pro- 
fssionally trained man. Congress has 
ready recognized the need for Fed- 
tal participation in extension pro- 
gams in areas other than agriculture 
ad home economics and has proposed 
imeasure entitled College and Uni- 
trsity General Extension Act, $1670, 
With Congress. The offering of such 
programs by the colleges will in no 
way relieve the individual professional 
fan of his responsibility to keep up 
Mhis field. It does recognize that 
fvelopments in those professional 
ids, such as engineering, .medicine 

d law, have been so numerous and 
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@mnot assimilate the available new 
Mowledge which he needs without aid. 
It recognizes further that the public 
fare requires that the ‘professional 
in must have command of these most 
adult Frecent developments in his field so that 
it af hie may render the most effective serv- 
pat Bie to the public. This statement ap- 
siti Hilies with equal weight to continuation 
| amt indies in general education, without 
ve} ivhich the professionally trained man 
rallf Finds himself only partly effective. 
very} Heretofore, the responsibility for 
1g8@ Firinging new knowledge and new tech- 
bak friques to the attention and use of prac- 
- Wfitioners in the various professional 
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rapid that the individual practitioner 
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fields has been shared by the organized 
professional bodies and governmental 
agencies and educational institutions. 
For example, the various medical so- 
cieties have sponsored clinics and 
schools of instruction; engineering so- 
cieties in cooperation with industrial 
companies have held short courses at 
convenient places; all of these organ- 
izations have published a large amount 
of technical literature. Something is 
needed to extend and expand these 
very worthwhile efforts. Large num- 
bers of people who should have the in- 
formation do not receive it. Who is 
in a better position to disseminate what 
is needed than the educational institu- 
tions that gave these professional men 
their first training? They can do this 
through the medium of instruction on 
the campus, through in-service train- 
ing in person or by radio, by clinics, 
by short courses, or by other methods. 

It seems reasonable that the “re- 
fresher courses” may be an important 
beginning phase of this broad program 
of continuation-education in engineer- 
ing. At the moment the nature and 
contents of these suggested courses are 
not clear because the men who would 
be expected to take them have only 
hazy notions and plans for the post- 
war period. All believe that they will 
need some kind of a review; most 
would like to take advantage of the 
educational opportunity offered by the 
“G.I. bill.” Those who went from col- 
lege to the armed forces think that it 
may be smarter to take a job if one is 
available on the day of their release 
because they fear jobs may not be so 
plentiful later. Those who are on mili- 
tary leave from jobs, to which they ex- 
pect to return, do not know what the 
attitude of their companies would be 
toward a delayed return. 

Nevertheless, in spite of these un- 
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certainties, we who will be responsible 
for the organization and teaching of 
the courses must go ahead with their 
preparation so that we will be ready 


with something when the men begin to- 


return. We are thinking now of men 
who have graduated, or have completed 
certain course work, who wish to re- 
gain knowledge and skills lost through 
lack of use, to catch up on recent de- 
velopments in their fields, as well as 
to study courses of a general nature. 
For many of the suggestions which fol- 
low I am indebted to Iowa State Col- 
lege Civil Engineering alumni who 
have written me from the battlefields of 
Europe and the Pacific. Doubtless, 
those who remain in Europe will have 
time now to think about these matters 
and will have other useful suggestions 
for the course content and the method 
of presentation. 

To find a good job promptly after 
discharge will be one of the first de- 
sires of all men who were able to com- 
plete their college work and obtain de- 
grees before they entered the military 
service. To facilitate this it will be 
desirable for all companies who expect 
to employ any of the returning engi- 
neers to have a well organized and ef- 
fective employment and personnel serv- 
ice. Every one of these returning 
engineers should arrange interviews 
with the representatives of some com- 
panies where, he thinks, he would like 
to work. He would be wise if he did 
this interviewing and visiting by per- 
sonal calls at the offices, plants or con- 
struction projects of the prospective 
employers during his leave period. 
Several results would come from these 
interviews. First, and most important, 
the young man could get a job that 
would fit his needs and abilities. 
Second, he and his future employer 
would decide whether he should begin 
work immediately or return to college. 
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Third, knowing the type of work “ the lit 
he is to do later the man will be abjegion. Hi 
to select some of his “refregs in 
courses” with an eye to their i ant, ps 
application and usefulness. make 

The program that he follows at ogh@dlizen a: 
lege should, in the beginning at leas,§ To illv 
be somewhat lighter both in credits assun 
hours and in number of courses t eering 
the usual student load. He will emmy eit 
“rusty”; he will be seeking a thorough tit 
understanding ; and he will want tim ter 
to pursue interesting sidelines and regalire y« 
lated matters. Moreover, the “te sibilit 
fresher courses” should be ‘designejgaplans 
for this specific purpose and the obgmould b 
jectives should be clearly defined andgatend t 
stated. The teaching methods shouldjiese w 
be those that are recognized as satis gWhether 
factory and adequate for the purpogglea sep 
and the teachers should be sympegithe lo: 
thetic, able and thorough. Probably§iwo fact 
the use of small sections with plentygull get 
of opportunity for student teacher comfiid the « 
tact through recitations, laboratoriegiéthe tw 
and conferences will bring the best egfor this 
sults. Item as 

Possibly the word “refresher” ismis§ For t! 
leading because it suggests a limitedgdents wil 
program. A broader term such agai will 
adult or continuation-education woulig(ourse | 
come nearer to expressing the purgitnding | 
pose. A good deal of the course workgwith emi 
will be over ground that was coversigaplicati 
by the student when he was earninggems in t 
his undergraduate degree. That couléji@urse I 
be designated “refresher.” ca Hectivel 
the professional and technical area 
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be that which brings him up to dalii@ech inst 
on latest developments in his se ¢ given 
That might be called “continuation mental | 


In addition to these, there are otherg p pblems 
important courses which should Mggverr to 
stressed, which the returning stu¢ pies. Co 
may be inclined to slight .or pass Hg@ econc 
entirely. These are the courses in’ thei a which 
area of general education, frequemijgm@ing ot 
designated the humanistic-social stempilter-der 
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the literature of engineering educa- 
He will need some of the knowl- 
in economics, history, govern- 

mt, psychology, sociology and others 

make him a useful and effective 

zen as well as a better engineer. 

To illustrate the type of program, let 

assume that our returning civil en- 


meering graduates will choose to 


dy either a group of courses for a 

time, say one quarter or one 
nester, or a different group for an 
fire year. From the standpoint of 


fexibility and adaptability to changes 


plans of the students the first term 


ould be the same for all—those who 


md to remain for one term and 
who intend to stay longer. 


-#Whether or not the short program will 


a separate unit from the first term . 


npa-gathe longer program will depend upon 


wo factors: the number of men who 


l get what they want in one term, 


iad the clearness with which the needs 


is mis- 


the two groups can be differentiated. 
this discussion we will consider 


hem as separate and independent units. 


For the ‘single-term unit our stu- 
its will take five three-credit courses 
d will cover the following material : 


Murse I, a review of mathematics ex- 


purfinding from algebra through calculus, 
gmith emphasis on the use and typical 


plications of mathematics to prob- 


mpems in the student’s field. Course II, 
urse III and couse IV will be, re- 


Mrology, water and sewerage. 


tctively, structures; transportation ; 
In 


dat ach instance the major attention will 
i given to the application of funda- 


we problems, 


Ris e err to special techniques and meth- 


me > 


a F 


ti * 


intal principles to the solution of 
with secondary attention 


Course V will be a combination 
economics, history and ‘sociology, 
which an attempt should be made to 
ng out the inter-relationship and 
tr-dependence of the social, economic 
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and physical forces that the engineer 
must deal with. 

We will assume that our long pro- 
gram will cover an academic year of 
three quarters or two semesters, and 
that in each quarter or semester there 
will be five three-credit courses. The 
quarter system will be used to illus- 
trate the sequence of courses. During 
the first quarter the students will have 
the following courses: Course I, a re- 
view of mathematics similar to that of 
the short program. Course II, a re- 
view of mechanics from statics through 
hydraulics. Course III, written and 
spoken English. Course IV, a review 
of physical sciences, principally chem- 
istry and physics with some geology, 
the primary emphasis being on the uses 
of these sciences in the work of the 
civil engineer. Course V, a combined 
social science course such as described 
for the short program. 

In the second quarter they will take 
work in the major fields of civil engi- 
neering. It is my belief that they 
would be wise to do some reviewing in 
all of the fields, leaving specialization 
until the last quarter because they are 
at the beginning of their careers which, 
sooner than they expect, may require 
knowledge and skills outside of what 
today may seem to be their ultimate 
needs. 

The courses of this second quarter 
will be designated with numbers from 
VI to X as follows: Course VI will be 
soil engineering in which the students 
will learn the general principles that 
may be applied to all situations, and 
in particular those that are used in the 
design of road and airport surfaces 
and in foundations. Course VII is 
transportation engineering in which 
the major attention is given to the 
inter-relationship of the various forms 
of transportation and to principles of 
planning, layout, traffic, safety, and 
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economic costs, with design of the 
roadbed and surface deferred to a 
later course for those who wish to do 
more in this field. Course VIII, struc- 


tural engineering, will be a rapid re-. 


view of the use of principles in the 
analysis and functional design of struc- 
tures in concrete, steel and timber, 
including indeterminate structures. 
Course IX we will designate hydrology 
and water utilization and control. It 
is included here, because of the basic 
importance of this knowledge to the 
engineer as a citizen and as a man 
seeking a job on river improvement, 
reclamation, irrigation, power, water 
supply, and similar projects. Course 
X, engineering economy, will cover 
the relative costs of alternative ways of 
doing jobs in typical situations that 
arise in practice, and the related ele- 
ments of quantity estimates and con- 
struction costs. 

In the third and final term of this se- 
quence the students will round out 
their programs in five courses, num- 
bers XI to XV, which they will select. 
I would suggest that the freedom of 
selection be limited to this extent, 
namely that at least two of the courses 
be in the humanistic-social field. To 
illustrate, let course XI be engineering 
reports which would include the col- 
lection, assembly and interpretation of 
data and the writing of one or more 
complete reports. Course XII could 
be labor and industrial relations which 
would deal with the relations of em- 
ployer and employee and matters of 
public policy such as labor legislation 
and social insurance. 

The other three courses of this third 
term might be a group of closely inte- 
grated courses in which each man 
seeks to push as far as he can in his 
specialty, or they might be less closely 
related technical courses. For ex- 
ample, the man with a major interest 
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in the highway field might choog 
course XIII in highway materials. 
course XIV in highway safety ang 
traffic control ; and course XV in high 
way and airport surfaces. The map Ar 
interested in sanitary engineering and 
public health could have for course 
XIII suitably arranged material ip 
sanitary chemistry; course XIV could 
cover munfcipal and rural sanitation; 
and course XV would cover the plan 
ning, design and construction of water 
and sewerage works. Based 
The man who chooses not to spe pital stuc 
cialize narrowly during his last termpmctitio: 
should have a variety of courses tpgeeduate 
choose from. In addition to thogeg®0" 4 
mentioned the list might include the gmmstrat 










































following: structural design and depitinolo; 
tailing, railway engineering, photo g™ ph 
grammetry, similarly organized coursag@Y UP 
in other engineering departments for” oe 

relati 


which he is adequately prepared, bust #} 
ness law, public administration, world#* 
history, psychology, meteorology al i 
climatology, and others. 
Enough has been written here ni 
dicate the purpose, direction and scopes 
of “refresher courses.” As the tims" 
which the man spends on such work is 
extended beyond two quarters we s¢— operat 
that the differences between the obgasinee 
jectives and methods of teaching thf Developr 
“refresher courses” and objectives andj. While 
methods of teaching the regular course g@ duties 
become minor. This brings us againg@mts v 
to the broad aspects of this problemgeye™™™ 
which were raised earlier in our diggm™ ba. 
cussion, namely, the need of engineét 
for adult or continuation-education, 
both technical and cultural, and the @t 
gineering schools’ responsibility to p 4f \ 
vide that education. Teachers of @ 
gineering may have an opportuf 
here to render a broad and useful 
ice and to exert a major influence @ 1The J 
the professional and technical gro » Vol. 
of engineers. is 
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Based upon experience and statis- 
fal studies, engineering educators and 
actitioners agree that a majority of 
maduates in all branches of the pro- 
isssion are concerned as much with ad- 
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je thegmmistration and management as with 
d degiinology. A few engineers enter 











me phase of administration immedi- 
ely upon graduation but more often 


a5 


ts forge earlier working years are devoted 
busi g® Telatively technical duties. How- 
wordgeer, it is estimated that ten years 


leaving college two-thirds of engi- 
mering graduates occupy positions 


p 
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hich are primarily administrative in 
scope pature. The Report of the Commit- 
timg® on Engineering Education After 


ork’ ¢ War‘ voices the need for studies 
ve see operation and management, and the 
 ohgegineers’ Council for Professional 

the velopment has approved this Report. 
While many engineers are engaged 
~giduties that combine technical view- 
ints with business, industrial, and 
bvernmental' management, most of 
em have had to pick up their knowl- 
of administration by trial and 

son geror after graduation. Such a process 
ne ef 100 difficult and too costly for young 
> pregeupmeers who have not a ready apti- 
of epgme for acquiring power in that way. 
tuntygenese the colleges can help, with re- 
= iltant benefit to industry. 
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By HARRY RUBEY 


Chairman, Department of Civil Engineering, University of Missouri 


The foregoing facts have long been 
recognized and several methods of 
meeting the engineer’s need for college 
work in this field are now in effect as 
follows. It will be noted that limited 
use is made of the first four of these 
methods. 

1. A very few engineers undertake 
graduate study in business administra- 
tion. 

2. The Twelfth Annual Report of 
E.C.P.D. for the year ending Septem- 
ber 30, 1944, lists only 21 curricula in 
administrative, management, or indus- 
trial engineering out of a total of 499 
accredited curricula in all types of en- 
gineering which are offered at 133 in- 
stitutions where one or more curricula 
have been accredited. 

3. The Report also lists 10 similar 
options which have been approved in 
connection with other accredited cur- 
ricula. 

4. Brief attention to specialized ap- 
plications of administration is but 
rarely included in regular engineering 
courses. 


5. Often engineering colleges accept . 


a few of a great variety of specialized 
industrial and business courses, some 
of which are taught by engineers and 
some in business administration divi- 
sions of the institutions. 

6. Many engineering curricula re- 
quire, or offer as elective, courses 
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which may be termed an introduction 
to engineering administration or man- 
agement, although often titled other- 
wise. These courses have similar ob- 
jectives but great variety of approach, 
content, text books, and course ma- 
terials. Frequently they emphasize a 
single phase of administration. 

This article describes briefly an in- 

troductory course appropriate to the 
fifth and sixth methods immediately 
preceding. To become well trained in 
engineering is time-consuming, and 
consequently a thorough education in 
administration is seldom practicable. 
A good available substitute for the lat- 
ter may be provided by a brief but com- 
prehensive course, devoted partly to 
acquiring a broad acquaintance with 
the field and partly to those definite ap- 
plications most frequently encountered 
by the engineer, interest in the former 
being stimulated by the latter. It is 
believed that a comprehensive course 
generally is preferable to a single spe- 
cialized course, and that often it may 
supplement specialized courses. 
If taught to mature students in the 
upper years of the curricula, such con- 
densed material can be assimilated with 
great profit to the practicing engineer 
and to economic welfare in general. 
Educationally, this is but another of 
the current efforts to broaden highly 
specialized curricula. 

This introductory course attempts to 
familiarize the young engineer with the 
major departments and functions of 
large private and public enterprises, 
and thus to emphasize that engineering 
is only one of these functions, usually 
essential but often of lesser importance 
from the viewpoint of the private or 
governmental administrator. The tech- 
nical man must develop this concept so 
that as an engineer he may cooperate 
effectively with other departments of 
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the engineering method of attack to the 


solution of problems in the non-tech 
nical department in which he may be 
* employed, or so that he may look for 


ward to a position in general adminis. 
tration. 

Doubtless each instructor and each 
student will place varying emphasis 
upon different phases of the outline 
which follows: 


An INTRODUCTION TO ADMINISTRA- 
TION FOR ENGINEERS 


(Three to six semester credits) _ 


? 


INTRODUCTION ? 
(About one-tenth of the course) — 


The Engineer’s Relation to Adminie 
tration. 3 
Administration as Affected by Social, 
Political, and Economic Trends. — 
The Expanding Need for Engineet, 
Administrators. Bs 


Part I. THe Non-ENGINEERING 
FUNCTIONS OF AN ORGANIZATION 


(About three-tenths of the course) 


Promotion. : 
Finance. rf 
Organization. 2 
Management. 2, 
Marketing and Sales. 

Advertising. ; 
Purchasing. 
Personnel and Labor Relations. — 
Public Relations. g 
Accounting and Auditing. 


Part II. THe Semi1-ENGINEERING 
FUNCTIONS OF AN ORGANIZATION 


(About three-tenths of the course) 
Cost Accounting and Statistical Com 


trol. 
Estimating. 


his organization, so that he may adapt 
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ture. 

igineering Economy. 

Time and Motion Study. 

Siety and Insurance. 

Industrial Technologic Research. 


Cases, PROBLEMS, AND 
PROJECTS 


Part III. 


(About three-tenths of the course) 


Part IV. BrBLioGRAPHY 


The material outlined above will at- 
tin its full value if enriched by as- 
ged current reading, discussion, and 
wrk with concrete situations. Thus 
augmented, the course may be ex- 
pected to develop in the student an 
terest in administration, an acquaint- 
me with the more important depart- 
mental functions of industrial enter- 
prise, and that familiarity with termi- 
wlogy without which progress in ad- 
finistration is impossible. 

For the instructor, the outline is 
imply a basis on which some subjects 
may be contracted or expanded and to 
which others may be added as appears 


"}iessary. For the student, it pro- 


tides a reference and a foundation upon 
which he can build further knowledge 
md practice, and from. which he may 
depart in quest of specialized knowl- 
tige from authoritative sources. 

It must be emphasized that a read- 
ig or lecture presentation will not 
ifice. The student must participate 
i finding and selecting authoritative 
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materials, in raising questions, in work- 
ing problems, in making decisions, in 
studying current developments, and 
above all in sensing applications to his 
proposed career. This last objective 
may be partly attained by having the 
student report on the particular or- 
ganization in which he hopes to estab- 
lish himself. 

It is essential that the instructor have 
a mature and well-rounded background 
in administration from the engineering 
viewpoint. Often he acts as group dis- 
cussion leader rather than as teacher. 

Where time permits, certain sub- 
jects may be omitted from the intro- 
ductory course and taught in separate 
courses, but without a broad introduc- 
tion the student acquires from these 
separate courses only additional semi- 
technical tools while still lacking a com- 
prehensive view of enterprise as a 
whole. 

The conclusions here presented re- 
sult from the writer’s use of various 
presentations in teaching this course 
since World War I. 

To summarize: The need of engi- 
neers for education in administration 
has long been recognized by practi- 
tioners and educators; few engineers 
receive broad instruction in this field; 
a satisfactory introduction can be given 
in a single course if only limited time is 
available; and a uniformly favorable 
reaction is to be anticipated from em- 
ployers, alumni, and students. Spe- 
cific subjects may be taught in addi- 
tional separate courses. 









Returns from a Questionnaire on the 
Accelerated Program 


By J. W. STEWART 
Assistant Professor of Mining Engineering, University of Illinois 


The college of engineering at the 
University of Illinois is operating on 
the wartime accelerated engineering 
program. In anticipation of the con- 
clusion of the present world conflict, 
the College of Engineering Committee 
on Policy and Development recently 
appointed. a subcommittee to make a 
study of the necessity and desirability 
of a postwar continuation of the pres- 
ent wartime program. 

Desiring factual information regard- 
ing engineering student and faculty at- 
titudes toward a postwar accelerated 
program, the subcommittee devised and 
sent out the questionnaires indicated 
below. The student questionnaire was 
sent to all students in the College of 
Engineering of sophomore standing or 
higher. The faculty questionnaire was 
sent to all College of Engineering staff 
members on board-of-trustee appoint- 
ment. In order to obtain a sample of 
faculty opinion elsewhere, a limited 
number of faculty questionnaires was 
sent to engineering faculty members 
at various other American colleges and 

universities. This latter procedure en- 


abled the subcommittee to compare 

faculty opinion at the University off 
Illinois with that existing at simila 

educational institutions. 

The returned questionnaires were 
scored and a comprehensive tabulatio 
was made of the data obtained. Lastly, 
a report making recommendations rek 
tive to a postwar continuation of 


of Illinois was written by the subcom- 
mittee and rendered to the College 
Engineering Committee on Policy and 
Development. This report is not in-§imicaTe 
cluded here because it is felt to be of 
local interest only. 

Below are given the following in the 
order stated: 


(1) The explanatory sheet which ag 
companied each questionnaitt}™ 
sent out. 

The faculty questionnaire. 

The student questionnaire (i 


part). 


(2) 
(3) 


(4) 
(5) 


tionnaires. 
Comments. 


University of Illinois 


THE COLLEGE OF ENGINEERING COMMITTEE ON 
CoLLEGE PoLticy AND DEVELOPMENT 


through its 


SUBCOMMITTEE ON THE ACCELERATED PROGRAM 


requests your careful consideration of the accompanying QUESTIONNAIRE. 
committee has been designated as the body to study at first hand the possible need 
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Accelerated Program, in connection with the overall future program of the Col- 
weof Engineering. The final Committee report will be submitted to the Faculty of 
College of Enginering for consideration and action. 


THE ACCELERATED PROGRAM 


The Accelerated Program implies the incorporation of three 16-week semesters 
(or four 12-week quarters) of instruction in each calendar year, instead of the con- 
yntional two-semester (or three-quarter) year as in the past. It means that a stu- 
int can complete the usual four-year curriculum in something like three years, de- 
yading upon vacation periods; or perhaps complete a five-year program in the con- 


wntional four-year period. 
In order to determine reaction to the Accelerated Program, the Subcommittee has 


mulated the accompanying QUESTIONNAIRE. 
It is Requested that You Answer Promptly! 


THE FACULTY QUESTIONNAIRE 


(a) Faculty (at Illinois) 
(b) Faculty (elsewhere) 


1. I Favor the Accelerated Program as a permanent policy for the College 
ui Engineering in the postwar period 
2. I Favor the Accelerated Program only for such a postwar period as will 
met the needs of returning veterans of World War II 
§ 3. I po Nor Favor the Accelerated Program but favor an immediate postwar 
turn to the conventional four-year program 


The Reasons for My Preference Are: 


: (a) The conventional four-year curriculum, leading to the B.S. degree in 
tgineering, can effectively be completed in less than four calendar years 
(b) In the light of modern technical advances, a five-year curriculum is 
queSucessary, and such a curriculum can readily be completed in four years on the 
ucelerated program 
(c) The summer vacation periods of the conventional four-year program 
, 19 Bwe a waste of time 
(d) The summer vacation periods of the conventional four-year program 
we desirable for students, in order that they may have opportunity to obtain 
tweded experience in industry and engineering 
_ (e) The conventional summer vacation periods are necessary for students, 
morder that they may have opportunity to earn needed funds to defray school 
{xpenses 
_ (f) The conventional summer vacation periods are necessary for students, 
Morder that they may have a proper mental rest period 
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(g) The lessened maturity of graduates of the Accelerated Program is un- 


I 855 OS TEBE SE SUK ST oe SUNT ole Ves Lites SoC 096 CURE () 
(h) The Accelerated Program would result in added cost per year to the 
IE: ek vesev cues ecevarcggigedes Usubeescespecwccccscccecsetsctene pe ae ( ) 


(i) The conventional summer vacation periods are desirable for the faculty, 
in order to obtain industrial and engineering experience, or to do full-time re- 


SORT OF WHER 6 os 6 ee eee So eeed ede ess vest eeccecsceesenese ese s etm ( ) 
(j) The conventional summer vacation periods are desirable for the faculty, 
in order that they may have a proper rest period .............20eeeeeeeeeeenes ( ) 
(k) The Accelerated Program would make for more effective utilization of 
the faculty, with resulting increase in salary level ...........-.20ceeeeeeeeeee () 
(m) The Accelerated Program would result in more effective utilization of 
Se IE UNE i von cow vce one seh becapaedAneedev ines veces oieb yin (4 
Other Reasons 
(n) 
(0) 
Subcommittee on the Accelerated Program 
C. D. Grerre (Mechanical Eng.) 
H. A. Nye (Dept. of Physics) 
C. E. Sxroper (Electrical Eng.) 
J. W. Stewart, Chairman (Min. and Met. Eng.) 
Jamison VawTER (Civil Eng.) 
THE STUDENT QUESTIONNAIRE 
I MIN idx aiscks ahcnaaid $boniy @ tyeim wchhg oie $6: GSI bins 
SIEM a: STuisists wo 5 4's bakin Oe re ans CARS aoeren 


ey 


INDICATE YOUR STATUS (check) : 


eS : NINES 56s bi 6d, cihde ek Eva ed i un vos (So.) (Jr.) (St) 
CD CO os hidevivwphiesnanes onabsaapevsaed (So.) (Jr.) (St) 
“BGs | Gk Ce ER ete aR tale Rae See eee (So.) (Jr.) (St) 


INDICATE YOUR PERSONAL PREFERENCE (check one only) : 
(Same as on the Faculty Questionnaire.) 


The Reasons for My Preference Are: 


(Same as on the Faculty Questionnaire except that Reasons i, j, k, and m att 
omitted. It was thought that these reasons pertained largely to the faculty.) 


&. 


Subcommittee on the Accelerated Program 


C. D. Grerre (Mechanical Eng.) 

H. A. Nye (Dept. of Physics) 

C. E. Sxroper (Electrical Eng.) 3 
J. W. Stewart, Chairman (Min. and Met. Eng.) 
JAMISON VAWTER (Civil Eng.) 
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TALLY—FACULTY QUESTIONNAIRE 
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Recognizing that a vote for either 
the second or third preference, as 
stated in the questionnaires, is a vote 
gainst a permanent continuation of the 
present accelerated program, it is 


dbvious that both the engineering 
faculty and students at the University 
df Illinois are opposed to an accelerated 
program as a permanent educational 
policy. A study of the questionnaire 
lallysheet reveals the reasons for this 
attitude. 





Preference Reasons 
Faculty Status Total 

1 2 3};aj]bic d e f g h i j k jm 
Illinois 108 | 9| 67/}32|}6] 9] 1] 87] 78] 56| 60} 26) 85) 49} 10) 13 
Elsewhere 23} 1/13] 911] 1) 0] 22]17) 14/16} S] 22) 11] O} 2 
Total 131 | 10} 80; 41} 7 | 10] 1 | 109| 95] 70| 76} 31} 107 | 60} 10] 15 

TALLY—STUDENT QUESTIONNAIRE 
Preference Reasons 
Student Status Total 

1 2 3 a b c d e f g h 

So. 8 1 6 1 3 0 2 2 + 3 2 1 

a Jr. 104...4.0 7 €4. 2) 44.4 4 hed abe db Ah Se 
: Sr. 2 0 1 1 0 0 0 1 2 1 0 0 

? 

Total 20 5 11 + 4 1 4 4 7 5 3 2 

So. 27 7 8} 12 5 3 1 16} 11] 12 6 2 

é Jr. 28} 6] 12] 10} 9] 3] 1] 18} 18] 16] 8] 7 
. Sr. 33 5 14} 14 2 3 0 22} 19] 18) 13 4 

s) 

Total 88 | 18 34} 36] 16 9 2 56} 48] 46] 27 | 13 

So. 32 6 20 6 5 3 2 19} 23} 20} 2 1 

® Jr. 107 | 17 38:1 3S 9 | 10 5 77| 72) 59} 19 | 17 
iQ Sr. 92 5 40} 47 5 4 1 75| 71| 56] 29 8 
Total 231 | 28 95} 108} 19 | 17 8 | 171 | 166; 135] 50 | 26 

Total 339 | 51 | 140] 148} 39 | 27 | 14 | 231 | 221} 186) 80 | 41 

CoMMENTS The chief reasons given by the 


faculty for opposing a permanently ac- 
celerated program follow in the order 
of their apparent importance. It is in- 
teresting to note the close correlation 
existing between engineering faculty 
opinion at the University of Tlinois and 
corresponding faculty opinion at simi- 
lar institutions: 

(d) The summer vacation periods of 
the conventional four-year program are 
desirable for students in order that 
they may have opportunity to obtain 
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needed experience in industry and en- 
gineering. 

(1) The conventional summer vaca- 
tion periods are desirable for the faculty 
in order to obtain industrial and engi- 
neering experience, or to do full-time 
research or writing. 

(e) The conventional summer vaca- 
tion periods are necessary for students 
in order that they may have oppor- 
tunity to earn needed funds to defray 
school expenses. 

(g) The lessened maturity of grad- 
uates of the accelerated program is un- 
desirable. 

(f) The conventional summer vaca- 
tion periods are necessary for students 
in order that they may have a proper 
mental rest period. 

(j) The conventional summer vaca- 
tion periods are desirable for the faculty 
in order that they may have a proper 
rest period. 

The chief reasons given by the stu- 
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dents for opposing a permanently ac. 
celerated program follow. It is noted 
that the student questionnaire did not 
include any reference to matters which 


* were thought to be more specifically 


the concern of the faculty. 

(d) The summer vacation periods 
of the conventional four-year program 
are desirable for students in order that 
they may have opportunity to obtain 
needed experience in industry and en- 
gineering. 

(e) The conventional summer vaca- 
tion periods are necessary for students 
in order that they may have oppor- 
tunity to earn needed funds to defray 
school expenses. 

(f) The conventional summer vata- 
tion periods are necessary for students 
in order that they may have a proper 
mental rest period. 

(g) The lessened maturity of grad- 
uates of the accelerated program is un- 
desirable. 
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Baron de Prony’s friction brake * 
gmetimes exhibits undesirable char- 
xteristics, the most annoying being 
the unsteadiness of the mean load de- 
veloped and the high-frequency chatter 
ofthe brake shoe. This leads to erratic 
—sometimes unreadable—deflections of 
the indicating needle of the scale uti- 
lized to measure the reaction force on 
the torque arm. If, in addition to the 
needle vibration, the brake loading is 
not smoothly adjustable but is instead 
restricted to a small percentage of the 
total available motion of the control 
srew, and the zero reading of the 
brake is not easily nor accurately meas- 
uwable, then the device is indeed not 
very useful and the students’’ subse- 
quent distinterest in the test method 
is justly founded. 

Nevertheless, the prony’ brake can 
bea very useful pedagogical device for 
the simplest physical illustration of the 
mathematical concepts of torque, brake 
horsepower, and the conversion of me- 
thanical energy to heat energy. This 
is its real and fundamental usefulness 
in introductory courses in the under- 
graduate laboratory; the utility of the 
device for measuring the external char- 
acteristics of a prime-mover is of 
secondary importance. 

The purpose of this note is to de- 





1Prony, Gaspard Clair Francois Marie 
Riche, Baron de (1755-1839) ; French engi- 
Mer, mathematician and physicist of the 
Napoleonic era. 
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By LT. COL. P. M. HONNELL 
U. S. Military Academy 
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scribe a prony brake design which 
minimizes brake chatter, provides 
steady loads, and when used with a 
simple mechanical vibration filter, com- 
pletely eliminates high-frequency vi- 
brations from the indicating needle of 
the measuring scale. 


THE Prony BRAKE 


A very satisfactory prony brake 
evolved by extensive experimentation, 
which differs from the usual construc- 
tion in important details to be de- 
scribed, is illustrated in Fig. 1A. Its 
main elements are a brake shoe and 
light-weight torque arm, a scale sus- 
pended from a vibration-free support, 
and a mechanical vibration filter con- 
necting the torque arm to the scale. 
The brake shoe is constructed of four 
pieces of maple, shaped as shown in 
Fig. 1B and bolted together. The 
torque arm consists of a length of light 
34-inch conduit with a two-foot lever 
arm, filled with sand to introduce some 
internal hysteresis. Five small pieces 
of maple with rounded edges, and held 
in exact parallelism to the shaft by 
flexible chains, complete the lower por- 
tion of the braking surface. 

The weight distribution of the shoe 
and position of the torque arm were 
developed by experiment; many other 
combinations were tried, including one 
with the entire weight below the shaft 
(that is, the brake illustrated turned 
upside-down), but none was as satis- 
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Fic. 1. 


THE PRONY BRAKE 















































The prony brake (A) ; the bearing surfaces of the brake shoe (B) ; the tension- 


equalizing spring (C). 


factory as the brake illustrated. It is 
interesting to note that this is substan- 
tially the same weight distribution and 
torque arm arrangement utilized from 
early days. 

The friction-operated prony brake 
depends primarily for its successful 
operation on the constancy of the co- 
efficient of dynamic friction of the rub- 
bing surfaces. Many factors affect 
this coefficient, among which are the 
materials of the rubbing surfaces, their 
shape and smoothness, the warping of 
the brake surface due to temperature 
changes resulting from the braking ac- 
tion, and the nature of the lubrication 


of the surfaces. At the outset, it may 
be pointed out that the use of automo- 
bile brake lining for the braking sut- 
face is unsatisfactory for the slightest 
amount of water on the lining will in- 
variably cause chattering and unsteadi- 
ness of the mean load. The unsatis- 
factory operation of wet automobile 
brakes is sufficient proof of this point. 
However, the friction brake requires 
forced water cooling, and constant wet- 
ting of the rubbing surfaces must be 
considered as more than likely in the 
hands of students. The brake illus 


trated therefore dispenses entirely with 
brake lining, and instead makes use of 














n- 


oint. 
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hard maple for all the friction surfaces. 
Finally the brake shoe and the brake 
drum are lubricated with machine oil, 
which produces very smooth bearing 
surfaces practically immune to the ef- 
fect of water. 

Although a brake drum may be ac- 
curately machined and ground true on 
its shaft mounting at room tempera- 
ture, it is inevitable that the drum sur- 
face will become somewhat warped at 
the elevated temperatures existing dur- 
ing the dissipation of mechanical 
mergy. To insure that the brake shoe 
will always ride on the drum without 
atendency to slide off, the brake shoe 
bears only on the three small surfaces, 
shown in Fig 1B. Note that the two 
fear surfaces bear on the edges of the 
drum, and that the forward surface 
bears on the center line of the drum. 
Thus, when the brake drum assumes a 
warped contour due to the unequal ex- 
pansion of its central web and rims, 
the three-point bearing surfaces per- 
mit the brake to continue to ride on 
center. 

Another important feature of the 
brake is the equalization of the tension 
om the two chains supporting the five 
maple friction blocks under the brake 
drum, because this minimizes any 
tendency to chattering of the brake, 
and the resulting whipping action of 
the torque arm. This self-equalizing 
ation is accomplished by the expedient 
shown in Fig. 1C. The five maple fric- 
tion strips are evenly spaced and 
permanently fastened to two flexible 
thains (steel cables are unsatisfactory). 
The chains are connected to hooks on 
the brake shoe under the torque arm, 
and their other extremities are con- 
nected to flexible steel cables which run 
over a pair of pulleys; a coil spring 
connecting the two ends of the flexible 
tables automatically equalizes the ten- 
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sion on the two chains. This in turn 
equalizes the pressure on the five fric- 
tion strips. 

The loading of the brake may be 
varied by adjusting the position of the 
arm carrying the two cable wheels rela- 
tive to the heel of the brake shoe. This 
position of the arm depends upon the 
handwheel and screw thread arrange- 
ment shown in Fig. 1C. Not only is 
the braking tension self-equalized by 
this design, but the precise and uniform 
adjustment of the brake loading as a 
function of the adjusting wheel rota- 
tion is simultaneously achieved. This 
feature permits the brake loading to 
exact values, as indicated by the scale, 
to be easily and smoothly achieved. 


ZERO READING 


The zero reading of the scale, at- 
tributable to the unbalance in the brake 
caused by the weight of the torque arm, 
is measured by releasing the adjusting 
wheel until the maple friction strips 
are free of the brake drum. A 14” 
round brass rod is then placed in the 
half-round slot on the brake shoe, as 
shown dotted in Fig. 1A. This lifts 
the brake shoe from the drum and pro- 
vides a balancing surface. The as- 
sociated scale then indicates the initial 
or zero reading of the brake. This 
zero reading is of the order of 1% 
pounds and will consistently repeat 
with less than 5 per cent variation. 


Motor MountTING 


It is clear that a vibration-free prony 
brake must have a brake drum which, 
when mounted on the prime mover or 
motor shaft, has a true cylindrical sur- 
face and is dynamically balanced. It is 
not so evident that the motor mount- 
ing should be absolutely rigid. A 
wooden box-like stand (such as fre- 
quently used) will often have sufficient 
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flexibility to impair the operation of an 


otherwise satisfactory brake. This is 
due to the resonant modes of vibration 
of the motor as a whole which will ap- 


pear as a shaft whirl. The vibrational © 


modes may be initiated “by the brake 
chatter, or the unbalanced frictional 
forces acting on the brake drum, caus- 
ing a pseudo-gyroscopic effect dis- 
cussed by Den Hartog.? For best re- 
sults, the motor should be solidly 
mounted on a heavy concrete founda- 
tion; in any event the mounting must 
be rigid. 
MECHANICAL VIBRATION FILTER 


The prony brake design described 
above leads to a smoothly adjustable 
steady-loading device with a minimum 
of vibration or chatter. The irreduci- 
ble minimum brake vibration still re- 
maining may be of the order of + 5 to 
+ 10 thousandths of an inch displace- 
ment at the extremity of the torque 


2Den Hartog, “Mechanical Vibrations,” 
McGraw-Hill, 1935, pp. 300-302 and pp. 338- 
339. 
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arm, and results partly from slight 
variations in the motor torque. In an 
electric motor, for example, this may 
be caused by the armature slots which 
produce spatial variations of the mag- 
netic field in the air gaps, and which 
are reflected into the system as a su 
perimposed variable component in the 
motor torque. 

Due to the multiplying factor of the 
linkage mechanism of the scale, this 
small vibration of the torque arm may 
produce a needle vibration with a 
maximum deflection of + %¢ pound 
on a scale reading 10 pounds per revo- 
lution of the pointer. This residual 
vibration can be completely isolated by 
means of a mechanical vibration filter 
interposed between the scale and the 
extremity of the torque arm. The 
filter effectively isolates the scale from 
the vibrations and makes possible exact 
readings of the reaction forces on the 
torque arm. An incidental added ad 
vantage is that the rapid wear of the 
scale linkage due to the vibration is 
eliminated. 























(A) 
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Fic. 2. The low-pass mechanical vibration filter. 
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THE PRONY BRAKE 


The mechanical vibration filter, il- 
justrated in Fig. 2, is a simple device 
which passes the zero-frequency com- 
ponent or direct pull of the torque arm 
mehanged in magnitude, but greatly 
attenuates the relatively higher-fre- 
quency vibrations. It consists of a 
mass suspended directly from the scale, 
connected to the torque arm through a 
gring as shown in Fig. 2A. In order 
to reduce space requirements, the 
spring may be mounted within a recess 
in the mass as shown in Fig. 2B. If 
wed with a platform scale, the arrange- 
ment shown in Fig. 2C may be equally 
satisfactory. 

In order to obtain a maximum effec- 
tiveness in attenuating the vibrations, 
the mass should be large and the spring 
weak. As a specific example, a suit- 
able design for a 5 hp. brake with a 
two-foot torque arm is a weight of 10 
pounds and a spring requiring 10 
pounds pull per inch extension. 

The mass will of course produce an 
initial deflection of the scale, and the 
latter must have sufficient capacity to 
support the mass and the force exerted 
by the torque arm. The initial read- 
ing of the scale may be eliminated, if 
desired, by readjustment of the in- 
dicating needle of the scale to zero; the 
initial deflection may not be apparent if 
the dial is calibrated from 0 to 10 
pounds and the maximum scale ca- 
pacity is some multiple of this figure, 
provided the mass is carefully adjusted 
0 10 pounds weight; or finally, the 
initial deflection may be lumped with 
the unbalanced weight of the brake and 
determined as a net “zero reading” of 
the scale. 

For the highest accuracy, the torque 
am should remain in a horizontal posi- 
tion for all readings, but this is incon- 
venient in practice. A 5 hp., 1,200 
tp.m. motor, for example, will exert 
about 11 pounds force at full load on 
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the scale of the prony brake mentioned 
above. A scale with one inch deflec- 
tion for 10 pounds would therefore ex- 
tend 1.1 inches, and the vibration filter 
spring would deflect a like amount. 
Thus a total displacement of about 2.2 
inches would result between the no- 
load and full-load positions of the 
torque arm. Since the maximum error 
from neglect of this displacement is 
only a few per cent, it may be expedient 
to neglect it for light loads and to ar- 
range the brake so that the torque arm 
will be horizontal at full loads, where 
the minimum errors are desirable. 


CONCLUSION 


The prony brake described above 
operates smoothly, is easily and pre- 
cisely adjustable for loading and pro- 
vides scale readings devoid of any 
trace of vibrations. Although a fric- 
tion device, it is remarkably independ- 
ent of shaft angular velocity and will 
provide the same dynamic braking 
within + 5 per cent for a motor speed 
change of + 50 per cent. 

The mechanical vibration filter can, 
of course, be used with any type of 
prony brake. Two precautions must, 
however, be observed. In the first 
place, the scale must not only be iso- 
lated from the torque-arm vibrations 
by the mechanical filter, but the sup- 
port for the scale must likewise be free 
of vibrations. Secondly, the vibration 
filter (being a low-pass network) will 
attenuate only the high-frequency chat- 
ter vibrations of the torque arm and 
cannot compensate for the general un- 
steadiness of the mean load which is 
exhibited by some prony brakes, since 
this is a relatively low-frequency com- 
ponent. The only remedy for this type 
of unsatisfactory operation is a rede- 
sign of the prony brake along the lines 
indicated in this note. 





A Suggestion for Engineering Education * 


By COL. LEWIS E. MOORE 
Consulting Engineer, 285 Columbus Ave., Boston, Mass. 


In March 1931, I addressed the Bos- 
ton Society of Civil Engineers on the 
subject “A Suggestion for Engineer- 
ing Education.” At that time I ad- 
vanced certain ideas which are still, I 
believe, sound and which form the 
basis and some of the substance of my 
necessarily brief remarks this morning. 

The results of engineering educa- 
tion, if judged by the place the engi- 
neer is accorded in the community in 
comparison with other who are less 
well trained and no better educated, 
are not satisfactory. I believe that the 
reason for this is that engineering edu- 
cation has become so specialized that 
the products are too often narrow 
technicians instead of scientifically edu- 
cated gentlemen capable of taking hold 
of any of the branches of applied engi- 
neering science with facility and by 
study becoming expert in them with a 
good degree of success. The history 
of the development of engineering and 
engineering education may, at least in 
part, account for this. 

It is probable that there were ras 
two types of planners of structures in 
the Middle Agés, the military engineer 
and the architect. With the close of 
the Middle Ages, when war appeared 
to have ceased to be a major industry, 
the military engineer turned his atten- 
tion to civil construction. In time, the 
civil construction overshadowed the 
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military, and he then became known as 
a “civil” engineer. 

At first, an engineer was assumed 
to be, and usually was, capable of per- 
forming all engineering duties in all 
lines, and to have the universal knowl 
edge commensurate with such require J. 
ments. With the industrialization of 
civilization, so many new types of 
problems arose that one man could no 
longer master all lines and a degree of 
specialization became necessary. The 
first result was the formation of a 
group called mechanical engineers who 
dealt with prime movers and me 
chinery. With the discoveries in elec 
tricity, a further subdivision called 
electrical engineering was constituted 

When I entered college, 48 years 
ago, there were only three engineering 
courses generally taught; namely, civil, 
mechanical, and electrical. Since then, 
many other subdivisions have been 
added until, at the time these ideas 
were originally presented in 193}, 
there were 73 different courses oF 
fered. I have not been able to bring 
this figure up to date, but will, for t 
lustrative purposes only, assume that} j 
this figure still obtains; or would, ifit 
were not for the impact of the war on 
education. 

The growth of these specialties i 
merely a manifestation of human m& 
ture in some of its many facets. It 
the beginning, it was possible to teael 
all the fundamentals as they were thea 
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jnown and to cover as well a large 

rtion of the problems met in ac- 
tual practice. As the students in- 
geased numerically, and the knowl- 
edge of the principles of engineering 
broadened, the teacher who handled 
several subjects became the specialist 
who handled only one or two. 

Certain of these specialists gained 
considerable prominence for them- 
gives and their schools through the 
publication of individual researches, 
ofiginally undertaken because of their 
interest in the subject upon which their 
gare time energies were expended. 

The advertising value of this was 
immediately comprehended by the 
heads of the various educational insti- 
tutions, who began to insist upon their 
teachers pursuing research, regardless 
df their ability in that direction. It 
was carried so far that teachers were 
hired solely on the basis of their re- 
search qualifications, with no questions 
aked about their ability as teachers. 
It was only human to neglect teaching 
for research. Teachers were actually 
tld in so many words, and I am 
speaking from experience, that they 
must either do research or write in 
order to be promoted. 

Therefore, human nature being hu- 
man nature, if a teacher could not 
think up some appropriate physical 
subject for research, he wrote a book. 
Iwas guilty on the latter count. The 
general result was foretold in Ecclesi- 
astics 12:12, “of making books there 
isno end: and much study is a weari- 
fess to the flesh.” 

Human nature still being human na- 
ture, if a teacher could conduct re- 
search with effectiveness, or write 
well, and above all if he was a good 
salesman, he might be able to get a 
whole department or course organized 
around his specialty and become the 
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head of it with all the accompanying 
satisfactions. 

The result, the seventy-three special 
courses. 

Let us consider the effect of this 
bewildering variety of educational 
pabula upon a young man about to 
enter upon his professional engineer- 
ing education. He chooses, with prob- 
ably insufficient information, and cer- 
tainly with an insufficiently matured 
judgment, one of the 73 varieties of- 
fered to him. He pursues this course 
happily and probably with some profit 
educationally for four years and at 
the end of that period finds himself 
confronted with the fact that are no 
openings anywhere in his particular 
specialty. He must do something else, 
or else. I believe that it is unneces- 
sary for him to bear the risk of being 
placed in that predicament. 

Do not misunderstand me, I am not 
belittling research in any way; it is 
what has made this country great, 
whether conducted in a shed by Henry 
Ford, in the vast laboratories of the 
Bell Telephone Company, or in some 
university. However, when your 
money and my money is used without 
our consent by crack-pots for nation- 
wide sociological experiments, it is 
time to call a halt to that particular 
type of research. 

The point that I am trying to make 
is that the first business of an educa- 
tional institution is to educate, and 
that research should be a secondary 
objective. Teachers should be selected 
primarily for their ability to educate 
and on no other basis. 

Inadequate supervision of teachers 
is an existing fault. I taught for ten 
and a half years in three of the largest 
universities in this country and in only 
one of them was there any real super- 
vision of my performance of my duties 
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as ateacher. This is purely an admin- 
istrative fault and arises because many 
heads of departments have no idea of 
what constitutes proper supervision ; 
and anyhow they are afraid of embar- 
rassing their instructors by supervising 
them. 

An excellent way is for the head of 
a department to take over each in- 
structor’s classes for a week during 
the year. I do not recommend dicta- 
phones in the classroom walls, al- 
though I knew of one university presi- 
dent who hired students to hang 
around the railroad station and report 
to him the names of the members of 
the instructional force who went out 
of town over the week-ends. This was 
before the days of automobiles. 

I have never believed in destructive 
criticism. As a rule, if I cannot sug- 
gest something that seems to me to be 
better, I try, not always successfully, 
to keep still. In this case, I have some- 
thing to offer and let me say that I 
started to try out on my own son a 
course similar to the one I am about 
to present in outline to you. It natu- 
rally could not be the same, because I 
had to select subjects which came near- 
est to fitting my ideas from the avail- 
able curriculum. For the purpose I 
picked out Cornell University because 
it has not only engineering, but also 
philosophy and literature and arts, as 
well as an excellent reputation. I vis- 
ited the institution myself and received 
wonderful codperation from the faculty 
in arranging my son’s courses. The 
outcome was that an unexpected ap- 
pointment to the United States Naval 
Academy cut his attendance at Cor- 
nell down to only one term so that I 
cannot report a conclusive experiment. 
Discounting my natural prejudices as 
well as I am able to, in all my experi- 
ence as a teacher, I never saw a young 
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thing, an 


man develop as rapidly as he did under 
the type of fundamental general educa 
tion that was fed to him for only gfmme, bec 
half-year. I mention this only to show Jaivantage 
that I was willing to experiment op fae exact 
my own. Faith without works is vain, }iink logi 
The table shows a four-year engi file guise 
neering course laid out in accordang§sudy. E 
with my ideas. It will be noticed that fit unwise 
formal logic is included in the fing Jandy. 
term’s work. This is done because #¢§ A cour 
seems desirable to know something fqain unc 
about a machine before attempting tp jem of t 
run it; and yet the vast majority off Logic | 
students are put through from thefloth for 
kindergarten to a post-graduate cours §adinator 
without being taught anything about fodiset the 
brain processes or the mechanism @frgid fo 
thought, or, in other words, without }mthemat 
ever being taught how to think. Descrit 
are expected to run the mental ma {ihe first 








chine intuitively without really know 
ing anything about it. It would k 
just as sensible to ask a greenhorn t 
produce a complicated piece of meche 
nism with a turret lathe with no it 
struction. With much wastage of me 
terial and spoilage, he might succeed 
in time; but it would be much bette 
and more economical all around to if 
struct him carefully in the method d 
operating the machine. 
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| have, therefore, put logic the first 
fing, and have called it by its right 
game, because I think it is sometimes 
gvantageous to have impressed upon 
me exactly what one is studying. I 
tink logic should not be taught under 
the guise of English, or of any other 
study. Educationally speaking, I think 
it unwise to disguise castor oil as 
andy. 

A course in psychology is included, 






























ing }gain under its right name, in the first 


fm of the second year. 

Logic and psychology are included 
jth for their intrinsic value as co- 
wdinators of mental processes and to 
diset the mental inelasticity which the 
tgid formalism of predominantly 
mathematical studies tends to create. 

Descriptive geometry is included in 
the first term with the comment that 
it should be taught as a branch of 
mthematics, which it is, rather than 
a branch of engineering drawing, as 
almost universally done. 

English is given considerable time 
beause it is the writer’s experience 
that very few engineers can express 
themselves in their mother tongue with 
tactitude and clarity. 

Physics (the former name of natu- 
rl philosophy is more appropriate in 
this particular connection) as I have 
wed it is carried heavily throughout 
the whole course. It covers all that 
isusually given in college courses but 
tries each branch further. It in- 
dudes applied mechanics, heat carried 
to the point of developing the funda- 
mentals of thermodynamics sufficiently 
to give the student a really intelligent 
idea of its meaning, a similar treat- 
ment of electricity, and hydraulics in- 











Fduding other fluids, as well as water. 


Chemistry, both inorganic and or- 


p iganic, includes such subjects as com- 
-}bustion and should include large scale 
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chemistry. Much may be taught by 
means of a test tube and a few beakers, 
but this does not serve to give an ade- 
quate conception of how chemical re- 
actions are conducted on a large scale 
in an oil or sugar refinery. 

Courses in the materials of engi- 
neering and strength of materials 
should include alloys and plastics as 
well as the ordinary materials. Prob- 
ably such materials as alloys and plas- 
tics should be treated from one view- 
point in the course covering materials 
of engineering and from another view- 
point in the course in chemistry. 

Bacteriology is included because of 
its importance not only in sanitation, 
but also in certain industrial processes. 

The heading “practical” is given two 
hours per week throughout the course; 
this is intended to be used either for 
seminars or projects which are to il- 
lustrate some of the practical applica- 
tions of the subjects which the student 
is studying at the time from the philo- 
sophical standpoint. If it is desired, 
this time could be used during the first 
year for shop work and drawing.. 

Professional lectures, to which time 
is given in the last year, are intended 
to supplement and add to the practical 
time by illustrating the problems of all 
sorts which are met with in practice 
and the methods of attacking them. 

The total absence of such names as 
surveying, railroads, etc., is noticeable. 
It is intended that the practical hours 
and the course of professional lectures 
shall give an idea of how to attack 
practical problems in these and other 
subjects with the scientific knowledge 
previously gained in the study of the 
general subjects. 

It seems to me that the time has ar- 
rived when we must admit that what 
is needed for the young engineer is a 
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broad background of training in pure 
science with only enough of its prac- 
tical applications indicated so that the 
transition from the cloistered halls of 
learning to the busy marts of trade 
may be made in any available direction 
with a minimum of lost motion and a 
maximum of personal satisfaction. 
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Men so trained wiil have a scientific 
foundation so broad and strong that 
any type of engineering career can be 
built upon it. 

The dislocation caused by the war 
affords a golden opportunity for insti. 
tutions with vision and courage to 
initiate a program such as this. 
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Humanistic and Social Science Subjects in Relation 
to the Engineering Curriculum“ 


By F. W. ROYS 
Worcester Polytechnic Institute 


I have been invited to speak to you 
regarding the subject of Humanistic 
and Social Science subjects in relation 
to the engineering curriculum, or more 
especially to suggest modifications of 
past or present set-up in order to se- 
cure some improvement for the future. 

I am perfectly well aware that this 
is a subject that has been under dis- 
cussion for a great many years—prob- 
ably it began as soon as engineering 
curricula came into the college pro- 
gram. Certainly it was under discus- 
sion and was carefully considered 
when the S.P.E.E. Committee, under 
Dr. Wickenden, made its memorable 
report. And now, just this spring, at 
Cincinnati, comes the recommendation 
that twenty per cent of the total under- 
graduate engineering curriculum should 
be set aside for these subjects. Thus, 
one fifth of the time, which is a little 
higher than the average noted in the 
Wickenden report, is recommended. 
This is a very substantial percentage 
of the total time, and, if it is that im- 
portant, it is no less than criminal to 
allow this branch of the training to be 
inefficient and ineffective. 

Now we profess, and are supposed, 


to train young men in technical funda- ° 


mentals of engineering, but somehow 
or other we recognize, at least vaguely, 
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that there is also great need for a 
broadening, general education, and we 
have decided that the Humanities and 
the Social Sciences are the subjects 
most likely to produce the desired ef- 
fect. But we are not satisfied with 
what we are doing, and I think we 
never have been, nor do I think we 
ever will be unless we have a clearer 
idea of what we are trying to do. 

We have often seen statements or 
references to training for the Engi- 
neering Profession, often accompanied 
by a certain vagueness of definition. 
This is natural enough if we start with 
the idea that engineering is simply a 
profession, but we shouldn’t limit en- 
gineering in any such way for, al- 
though it certainly has professional 
aspects, it is much more than a profes- 
sion. It seems much more accurate 
to define it as a combination of a trade, 
a business and a _ profession—and 
members of the engineering fraternity 
are found who combine all three of 
these phases in all sorts of variations. 
It has been said that the engineer has 
to take the work of the scientist and 
make it pay dividends. 

It is into this field that young men, 
trained by the engineering colleges, 
are expected to enter when they emerge 
upon graduation, and they have to fit 
in with people in all stations in life. 
Engineers have to know how to get 
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along with all sorts of people, how to 
handle them and work with them in 
order to get results. All this requires 
some study and knowledge of philoso- 
phies, cultures, civilizations, 
mies, etc., and it is toward the develop- 
ment of these appreciations that we 
must direct our efforts of training. At 
Worcester we have been studying this 
problem at some length this summer. 
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We in Mechanical Engineering are 
thinking in terms of a total curriculum 
of 144 credit hours for the B.S. degree. 
Twenty-six of these credit hours, or 
just over 18 per cent, are planned to 
be devoted to the Humanities. We 
think that this is enough. We think 
that the efficiency of the work can be 
stepped up so much over what*it has 
been in the past that it will be better 
all around not to raid the rest of the 
curriculum any further in order to 
secure more time for the Humanities. 
We want to try out first the idea of 
making better use of the time already 
assigned. 
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Besides the 18 per cent of the Hy. 
manities, we now have about 26% per 
cent given to Fundamentals of Mathe 
matics and Science; a little more than 
29 per cent to Elementary or Funda 
mental Technology; about 1744 per 
cent to Shop and Laboratory for thie 
development of experimental ingenuity 
and manipulative skill, and finally 
about 9 per cent to Professional Ap 
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plications as a sort of introduction 
the work the men are to go into whet 
they emerge from college and go a: 
business or industry. 
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part of the program on a fairly sub 
stantial basis, but we, like the rest o 
you, are not so sure that the big block 
of 18 per cent set aside for the He 
manities is being used to the best 
vantage. We have tended like 9 
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centrate on the demand for certain 
abilities, rather than an attempt to de- 
yelop appreciation of why.these abili- 
fies are important. Of course there 
should be an attempt to create a desire 
for such abilities instead of simply a 
demand for a certain standard. 

All of this requires a somewhat dif- 
ferent approach for instruction from 
that which has customarily been the 
practice. It requires a certain amount 
of individual deep probing into certain 
aspects of a subject under stimulus of 
awell trained and enthusiastic instruc- 
tor accompanied by a more superficial 
study of the broader view of the sub- 
ject. It is by one’s own effort in prob- 
ing into one part of a subject that one 
becomes conscious of the necessity of 
probing into other parts if one is to 
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wakening of this consciousness that 
is important as well as the stimulus 
which can be given by the instructor 
which prompts the student to do some- 
thing about it. 

One of my colleagues said the other 
fay that when he was in college study- 
ing for his master’s degree, and was 
being quizzed on a certain subject, the 
ptolessor remarked, “You know more 
yn t0 § than is required about this subject, but 
whet f you know it second-hand” and that is 

into §the trouble in these subjects of the 

' f umanities—too much of what is in the 
nical § mind is second-hand. What we want 
sub fis something that is first-hand, that is, 
st di smething that the student really dis- 
block § covers about these subjects for himself, 
Hie §% against a lot of material that he 
t ad §merely remembers. 
e S08 It occurs to me that we may have 
valutfeen rather narrow in our efforts in 
ageBthe past. Have we not been asking 
thott the staffs who teach these subjects to 
yalué§%sume responsibilities for which the 
cof §members of the technical staffs should 
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really know much about it. It is the. 
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be held accountable? Is it not the duty 
of each staff member to see to it that 
papers and reports submitted to him 
are in good form; that the spelling is 
correct and that the English is reason- 
ably correct? Have we any right to 
accept from the technical staff a lack 
of responsibility ; to allow them to say: 
“Oh! I can’t do anything about that. 
That is up to the English Depart- 
ment”? I do not believe that it is up 
to the English Department. The only 
way to get results is to have each staff 
member insist on high grade presenta- 
tion in this respect, as well as in tech- 
nical content. Surely any competent 
staff member should be able to assume 
this responsibility. And, on the other 
hand, should we expect, or even wish, 
the staffs of the Humanistic and So- 
cial Science branches to cramp their 
missions, by forcing them to try to 
bolster up techniques for which ground 
work was laid in high school and 
which should be developed by the 
technical staff? Are we giving the 
staffs of the Humanistic and Social 
Science groups an opportunity to do 
what they should be doing, namely, ex- 
panding appreciation of the best in 
literature, art, music, philosophy, his- 
tory, psychology, economics, political 
science, etc., etc.? 

Perhaps you will say: Oh my! but 
you can’t develop staffs in any college 
of engineering who can handle these 
subjects on such an elaborate scale, 
and the limited time is not sufficient. 
Of course, colleges of engineering 
which are parts of large universities 
have the staffs of the liberal arts col- 
leges to draw upon, whereas one hun- 
dred per cent engineering colleges, 
especially the smaller ones, carry their 
own staffs for these subjects. 

But it is not necessary that staff 
members themselves be recognized 
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high authorities on these subjects. 
They do not need to be Aristotles, 
Michelangelos, Homers, Platos, Mil- 
tons, Shakespeares, Adam Smiths or 


any other great poets, essayists, au- 


thors, artists, philosophers, economists, 
etc., but is it too much to expect that 
we can get intelligent, well-trained, 
enthusiastic teachers who can select 
the best works of these masters and 
who can act as interpreters and ex- 
positors of the thoughts, styles and 
philosophies of great men? We can 
perhaps expect to develop an interest 
in powerful exposition of worth-while 
ideas; of use of good English, and of 
knowledge and understanding of fun- 
damental laws of economics and of 
human behavior. We can hope by this 
means ani under the influence of the 
available staffs to expand the breadth 
of view; to extend the knowledge of 
human understanding; to improve the 
spirit of friendly helpfulness; to de- 
velop to some extent the appreciation 
of the value of humility, integrity and 
dependability, and it would seem as if 
we should plan our courses toward 
that end. 

Perhaps we should give the staffs 
of these subjects more freedom to plan 
for the broadest, deepest development 
which may be possible in the time 
available. Perhaps we can expect stu- 
dents to absorb much. under this stimu- 
lus and we can hope that they will im- 
prove in their powers of expression of 
their own ideas by some process of 
imitation developed from association 
with the best. 

It may be that what I have said will 
not appeal to engineering faculties, but 
it seems clear that what we have been 
doing is not sufficiently effective, and 
perhaps these ideas will at least pave 
the way for further discussion. 

I think it well to close with the fol- 
lowing quotation from 


HUMANISTIC AND SOCIAL SCIENCE SUBJECTS 





THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


Nothing that man has contrived during 
his long struggle out of the jungle has 
so far compelled him to abandon his of 
ganized cruelty to his fellow men: War, 
Does that mean that we should fold ou 
hands and abandon all endeavors towards 
further understanding, better justice, and 
a more enduring peace? Not at all 
Science has already partly provided the 
explanation of man’s failure to liye 
humanely: Man’s behavior machinery 
changes very slowly. By trial and error 
and through science man has changed his 
environments much faster than nature 
changes man’s drives to action. But tha 
very science gives us added courage for 
more persistent labor. For man’s bebe 
vior does change, given time, patieng, 
and greater scientific information. 2s 

Granting this major failure of mam 
despite our best in ethics, government, 
education, and science, we will neverthe 
less admit that science has already aided 
man towards better health, better crops 
better food, better clothes, better home 
better children, better education, and bet 
ter control of the forces operating in otf 
inanimate environment. And by incre 
ing our understanding of the nature @ 
man and of the world, science has ei 
ished many ancient and groundless feats. 
These are major achievements. So 4 
carry on. The support of our endeaw 
by all our fellow citizens will acceleral 
our pace. # 

Science produces no miracles, and 
entists are not supermen. The sci flow w 
method, the creed of their craft, @ HE following 
pressed in terms of action, reads: Let | by fello 
keep our mouths shut and our pens @jg. . 
till we know the facts. Let us use a paists, 
our intelligence and integrity with i prima dc 
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gence to get the facts. Then, and omy loabide 
then, can we speak with some mez rt and prov 
of enduring wisdom as we walk humbj§ to appr 
among our fellow men. Let all wil ietween 


think that this creed might be worth 4 § more in 
ing in our social, economic, politi@Ml gives ar 
and international relations, lend a ham al produ 
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Linery The philosophy underlying coopera- 
error give engineering education and _ its 
ed his fmany advantages are well known to 
ature § most engineering teachers. It would 


be well, however, if this type of educa- 
fion could be extended to cover the 
tacher as well as the student, thus 
ging the teacher all the advantages 
weruing to the student plus the real 
gineering experience which he so 
greatly needs. What the student 
larns in industry he keeps, what the 
facher learns is largely passed on to 
thers. It would seem, therefore, that 
sme well planned industrial experi- 
mce for the teacher eventually would 
jay handsome dividends to industry at 
large in the form of better engineers. 
Many engineering teachers have 
fone into temporary war work in in- 
dustry and the many military labora- 
tories. Some of these former teachers 
lad trouble getting on with others and 
semingly were not too well liked by 
fellow workers. Criticisms such as the 
following have been leveled on them 
Wy fellow workers and subordinates: 
purists, individualists, too academic, 
ptima donnas, not practical, unwilling 
toabide by the rules of the organization 
mg aid proceed through proper channels, 
mbjg§ 20 appreciation of the steps involved 
Mi %etween conception and production, 
1 UfiMore interested in advancing them- 
a} Slves and their projects than the over- 
“4 ial product of the industry, etc. 
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Cooperative Engineering Education for the Teacher — 
Industry's Opportunity 


By W. J. SEELEY 
Chairman, Dept. of Electrical Engineering, Duke University 


Many of these criticisms are justi- 
fied because the teacher, by the nature 
of his work as a teacher, becomes a 
peculiar individual. He very often is 
the sole boss of a course, having com- 
plete charge of selecting text, making 
assignments, setting examinations, and 
awarding grades. His mental contests 
are always with immature and un- 
developed mentalities tending to glorify 
him into a sort of intellectual god. At 
the same time he is looked up to with 
respect and awe, sometimes with fear ; 
he is considered to be an authority by 
his students because he knows all the 
answers. In short, he is classified as 
a big shot. It is not any wonder then 
that eventually he believes actually 
that he is an outstanding authority 
and a gentleman of importance—prob- 
ably way beyond anything deserved. 
The situation is exactly similar to the 
saying that “if you call a man a crook 
often enough he will soon become a 
crook.” If a teacher has undesirable 
characteristics it is because of the lim- 
ited environment in which he grows. 
He needs some tempering experiences, 
those provided by industrial and ong 
neering activities. 

The teacher who has had experience 
with a public utility, industry, or labo- 
ratory has it all over the inexperienced 
teacher. In the first place, he has had 
some practice at real engineering, and 
after all is said and done a teacher of 
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engineering certainly should be an en- 
gineer. His experience gives him an 
acquaintance with the type of prob- 
lems faced by the young. engineer ; he 


sees what industry expects of the engi-’ 


neer ; he learns to work in cooperation 
with others; he is in competition with 
men of equal ability ; he sees the prob- 
lems of both labor and management ; 
he learns that his work is not an end 
in itself but a contribution towards 
the whole; finally, that great humaniz- 
ing factor—he becomes a little modest 
and learns that he is not a big shot. 

The most valuable experience a 
teacher can have is that of working 
with other engineers. There is noth- 
ing the writer would exchange for the 
experiences gained in walking the 
right-of-way of a transmission line, or 
crawling around through a_ water 
wheel, or testing bushings, or trans- 
former oil! The three summer months 
spent in such activity will be worth 
considerably more than the same time 
spent in additional teaching, and again, 
the teacher of engineering should also 
be an engineer. Promising young men 
too often are taken directly from col- 
lege and thrust into teaching with no 
industrial experience whatsoever. The 
teacher’s first interest and first love 
certainly should be teaching. The in- 
stitution will see that he gets proper 
teaching experience. Here is indus- 
try’s opportunity to see that he gets 
proper engineering experience. 

In normal times the teacher is hired 
and paid for nine months’ work. The 
three additional months are available 
for vacation (if he has learned to live 
on a low income), or for working to- 
wards an annual income. The latter is 
nearly always a necessity if he is to 
stay in teaching and at the same time 
become a normal citizen and raise a 
family. He is highly tempted to take 


a summer school teaching job because 


COOPERATIVE ENGINEERING EDUCATION FOR TEACHER 


‘as the young man progresses in his 


he can live at home and earn a three 
months’ salary commensurate with his 
nine months’ income, thus giving him 
an adequate annual income. The more 
desirable summer activity, however, js 
to go into industry, but—and here js 
the crux of the whole situation—he 
cannot earn as much there as he can 
at teaching, because as a temporary 
employee he simply is not worth it, and 
he probably has to live away from 
home. For example, a public utility 
would hesitate to pay $300 per month 
to a summer employee who is serving | 
as a helper on a line crew, say, in 
order that he should have this (or simi- 
lar) experience. Or what industry 
would pay $500 per month to a pro- 
fessor serving temporarily in the per, 
sonnel office in order to obtain experi- 
ence in methods of evaluating and 
promoting engineers? In other words, 
industry would have to pay the teacher 
more than he is immediately worth. 
If industry could be persuaded to do 
this an enormous contribution would 
be made to engineering education, and 
it certainly would pay dividends to 
industry in the long run. 

This all boils down to industry's 
willingness to provide remunerative 
summer jobs for teachers. These 
should be real jobs (not courses of 
lectures) in which the employee car 
ries his lunch and punches the clock 
The young teacher should select his 
industry, or industry select the teacher, 
and they should stay together for five 
or six summers, thus allowing for 
change of department and advance 
ment in position. Cooperation carried 
out along a definite plan to progress 


teaching thus will result in better 
teachers, better students, better 
neers for industry. This is a real oF 
portunity for industry to do something 
concrete for engineering education. 
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Much has been written concerning 
sudent appraisal by the faculty—re- 
versing the process might be interest- 
ing and instructive. Too often, teach- 
es, covering the same subject year 
after year, become oblivious to various 
undesirable personal traits that may be 
developing. 

Sometimes caricatures enacted at 
faculty-student banquets are very en- 
lightening, and bring home forcibly 
to the jittery faculty member his an- 
noying habit of pulling his nose while 
lecturing, or forever adjusting his 
glasses, etc. 

An effective teacher keeps before 
him at all times the thought that he 
has a bill of goods to sell, not just a 
presentation of facts, but an interest- 
ing presentation of facts. 

At a first class meeting recently, the 
students were asked to list on the 
board, for discussion, qualifications of 


agood teacher. Here are the qualifi- 
tations which they thought were 
important : 

Knowledge of subject 

Patience 


Ability to explain clearly 
Reasonable time for absorption 
Enthusiasm 

Punctuality 

Proper preparation 

ciation 


Sympathy with the class 





How Do YOU Do? 


By ARTHUR M. HILL 


Professor of Heat Engineering, Tulane University 


Impartiality 

Prompt return of quizzes and home- 
work 

Ability to give representative quizzes 

Recognition of student’s background 

Willingness to answer questions 

Encouragement of students 

Penmanship. 


This list is a sincere analysis of 
what the students, in this case engi- 
neering juniors, as a group felt were 
desirable qualities in a teacher. 

How many of us can apply this list 
to ourselves and truthfully say that we 
fulfill most of these characteristics ? 

Engineers as a group are frequently 
criticized for lack of ability to present 
effectively subject matter at public or 
professional meetings, yet how many 
men who spend their lives training 
young engineers give consideration to 
impressive presentation of their own 
lecture material? Certainly examples 
of brilliant performance by the teach- 
ing staff must, in a measure, influence 
the habits and training of the students. 

After discussion by the students of 
various desirable faculty - characteris- 
tics, they next listed what they con- 
sidered good student qualities. These 
were: 


Preparation 
Interest in the course 
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Neatness in (a) work, (b) dress 
Punctuality 

Proper foundation 

Participation in class discussion 
Mature conduct 

Perseverance and patience 
Penmanship. 


The role of the teacher is not com. 
pletely fulfilled unless he gives som 
consideration as to what his audience 
thinks about his presentation. Taking 
stock of one’s self, and then doing 
something about it, requires courage 
will power and determination. 
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Post-War Undergraduate Training of Engineers* 


By OSCAR S. BRAY 


There has been much speculation 
about the approaching post-war period. 
Whatever else may happen, it is safe 
to say that there will be no funda- 
mental change in the responsibilities of 
the engineering educator. The public 
will still expect him to turn out gradu- 
ates who will become outstanding citi- 
wns, leaders in their communities. 

Employers of engineers will con- 
tinue to look to the colleges for men- 
tally alert young men, well grounded 
in engineering fundamentals and with 
ough guts and gumption to stick 
with a tough job and whip it. I do 
not doubt that students will continue 
to graduate believing themselves fully 
quipped for a successful career, per- 
sonal as well as professional. 

Some aspects of the general post- 
war picture are already becoming ap- 
parent. There is in prospect an enor- 
mous amount of work to be done to 
put the world in order, both at home 
and abroad, much of which will de- 
wlve on the engineer. Indeed it is 
not unlikely that we shall see as the 
post-war period develops a definite 
shortage of competent engineers. An 
acelerated foreign demand for Ameri- 
tan professional men, particularly from 
China and Russia, may also be in 
prospect. 

The practicing engineer will find 
his projects becoming increasingly 
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complex and his studies and design 
methods more detailed and more re- 
fined. The broad social and economic 
effects of engineering works will re- 
quire more and more study. Speciali- 
zation will become increasingly’ neces- 
sary as requiring knowledge in the 
engineer’s field increases in depth. 

It appears probable that the union- 
movement will continue to trouble the 
engineer for years to come and that 
the sub-professional group will in time 
become nearly completely unionized. 
I doubt that unionism, or even collec- 
tive bargaining as it is now operated, 
will make permanent gains in the fully 
professional group. 

Turning now to the colleges them- 
selves, there is no reason to suppose 
that the pre-war increases in college 
enrollment are at an end, nor would 
it be surprising if enrollment in the 
professional schools increased at an 
even greater rate than the average. It 
appears probable that many of the 
women who have made places for 
themselves in engineering offices will 
remain there after the war. Their suc- 
cess will be reflected in the number of 
women seeking a technical education. 

In short, the future picture indicates 
that we must have from the colleges 
better engineers in the future than we 
have had in the past. And training is 
only part of the story. Personal ob- 
servation over a period of years con- 
vinces me that we have turned out too 
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many sub-grade men from our engi- 
neering schools. We have wasted 
much valuable time and clogged our 
facilities with individuals who were 
not suited to the educational level to 
which we were attempting to raise 
them. We have, in short, tended to- 
ward the production of technicians 
rather than engineers. 

I think that when this war is over 
and we start paying off our wartime 
debts, we shall no longer be able to 
afford the luxury of a degree for all 
who are financially able to remain in 
college long enough to acquire it. And 
by the same token, we cannot afford 
not to educate fully those students who 
are worthy, regardless of their finan- 
cial condition. 

Top grade concrete cannot be made 
from second grade materials, nor can 
top grade engineers be made from sec- 
ond grade students. The obvious an- 
swer in both cases is, of course, selec- 
tion of materials. It is unfortunate, 
but not negatively compelling, that 
selection of students is not as simple 
as selection of concrete materials. 
The problem involves not only diffi- 
culties of method but also what may be 
termed public relations or even politi- 
cal troubles. This is particularly true 
of those institutions drawing a large 
part of their support from public 
funds. Yet I believe it can be done, 
and I believe that our concern in doing 
it should be not that standards are too 
high, but that they may be too low. 

Engineers have very aptly been 
termed the Sons of Martha. On them, 
perhaps, more than on any other group 
falls responsibility for mankind’s ma- 
terial welfare. To discharge that re- 
sponsibility adequately in the days to 
come will require the best men and 
minds that we have. Our engineering 
schools should insist on that best. 
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Selection of students in the past has surveyit 
been based very largely on scholastie§ instrum 
attainments. That such a basis fog Railw 
selection is not the whole answer has}uweful | 
been demonstrated frequently by: the§ graduate 
successful careers of men who grady§ that shc 
ated well below the magic “upper quar-§ ttade sc 
ter of the class.” Such qualities afte teac! 
imagination, moral courage, leader-gutility. 
ship, native intelligence and capacity sanned 
for work are of equal or greater impor§@firm | 
tance than mere ability to learn (whig Much 
may indicate only a retentive memory) f#out t 
and should be given full weight ingis crit 
any decision to accept or reject @ imith, 
applicant. _ fitvo, thi 
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be forgotten until graduation, but ther} 1” 
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ditioned upon their continuing a 7 
: las in 1 
ing development. A young mami. 
value to his employer is often meas gecializ 


ured as much by his capacity for . 
growth as by his present stature,@ Specials 


factor which should be considered. — = 
The pre-war trend toward lower a tes 
of entrance in our technical schools is vsely) 
regrettable. I do not believe the avetiei,° “y 
age boy of 17 is mature enough mer many 
tally to derive the greatest benefit from quired i 
college classwork or, also importaill der tt 
from the social side of college MQhag gos. 
This situation may correct itself if, @f 7 q, , 
now appears probable, some form @ 
universal military service for youmfy 
men is adopted in this country. 
The curricula now in general 
appear to be adequate, though i essenti 
deadwood needs trimming. Survepigpj 
ing, for example, consumes a dispre ini 
portionate amount of the studemBipgliti 
time and might well be eliminatetiguas 
Any intelligent engineering gradualtiic 
could study Professor Breed’s exctig 
lent text on the subject and be ail 
within a week to handle any rout 
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ast haf surveying assignment, those involving 
rolastic | instrumental skill excepted. 
sis fof Railway engineering, likewise, is 
rer Iasfuseful to only a small number of 
by the§gaduates, and draughting is a subject 
grady-§ tat should be taught in the high and 
r quar-§tade schools. Individual colleges may 
ties ggte teaching other subjects of limited 
leader-§utility. The curriculum should be 
apacity ganned and such courses pruned with 
impor- afirm hand. 
(which| Much has been said in recent years 
-mory) out the dangers of specialization. 
ght inflts critics contend, and with some 
ect anymith, that the student cannot know 
two, three or more years in advance 
ld not Mat field he will finally adopt. As I 
it their lave indicated earlier, I believe that 
| specialization will become more and 
more necessary in engineering as it 
las in medicine. I believe also that 
gecialization should be done in the 
alleges by intent rather than in prac- 
fie, as is often the case, by accident. 
Specialized knowledge gained during 
student’s undergraduate career 
mes (if he has chosen his school 
wsely) from outstanding men in the 
field. It is generally broader, and in 
Many cases sounder than when ac- 
quired in practice in a single office, 
der the influence of a man of fixed 
ad definite opinions. 
‘| | do not believe the present 4-year 
_}ourse is long enough to include the 
Mithorough grounding in fundamentals 
_#Mcessary for an engineering career, to 
mit the teaching of worthwhile but 
Sessential amounts of such non-technical 
ey Mibjects as accounting, business ad- 
Winistration, finance, ethics, history, 
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nical material, and the remainder to the 
student’s chosen special field. I may 
say, in passing, that the non-technical 
subjects should not be treated as step- 
children, but should be taught as full 
members of the family. 

Whatever is done about specializa- 
tion, the major emphasis should be on 
fundamentals—mathematics and its ap- 
plication to the solution of engineering 
problems, physics, chemistry, mechan- 
ics, statics, dynamics, theory of struc- 
tures, strength properties of materials, 
geology, economics, oral and written 
English. English might well be placed 
at the head of the list of fundamentals 
for without the means of conveying his 
ideas clearly and completely, no tech- 
nical man can be fully effective. 

The teaching of accounting, business 
administration and finance has been 
mentioned. These are essential in any 
engineer’s training, necessary in his 
professional career and equally useful 
in the guidance of his personal affairs. 
The relationships between professional 
success, material prosperity and public 
recognition being what they are, the 
matter of equipping the engineering 
student with proper tools for solution 
of his personal management problems 
should not be overlooked. 

Having talked of students and 
courses, we come finally to perhaps the 


‘most important factor in the produc- 


tion of engineering graduates, the fac- 
ulty. The personal and professional 
influence exerted by his teachers on 
the young engineer during his forma- 
tive years is difficult to underestimate. 
For this reason, and just as students 
should be selected for ability, so also 
should faculty members be chosen for 
their outstanding qualifications. This 
selection should extend from the dean 
to the youngest instructor. Whether 
the colleges can continue to secure 
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young men of-the desired high quality 
at prevailing salaries is an open 
question. 

With certain exceptions, I believe 
the actual teaching of engineering 
should be confined to those who have 
had first hand experience in applica- 
tion of its principles. Briefly, engi- 
neering should be taught by engi- 
neers—successful practitioners of the 
art. I believe particularly that devel- 
opment of teachers through the gradu- 
ate ‘student teaching fellow instructor 
route handicaps both the teacher and 
his pupils and should be avoided. The 
more logical approach would seem the 
graduate student practicing engineer- 
instructor path, recognizing, of course, 
the difficulty of luring the successful 
young engineer from practicing his 
profession to teaching. 

The teaching engineer should not 
lose touch with his field, but should 
continually refresh his “feel of the 
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dirt” by maintaining close contact with 
practicing engineers, visiting their 
fices and their projects to see for him 
self what is going on. A return ty 
practice at 5-year intervals would 
most helpful, particularly to the junio 
members of the faculty. 

I should like to see also the instity 
tion of frequent guest lectures 
prominent local members of the pr 
fession, most of whom would conside 
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That you have arranged a meeti 
such as this is the best proof ff 
could be offered of your determi 
to improve your methods and yo 
product, and I am confident that y 
will find the solutions where the rest 
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Reconversion of Educational Research * 


By L. E. BECK 


Associate Professor of Electrical Engineering, Purdue University 


In preparing to reconvert our pro- 
gams of engineering education to the 
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purposes of peace, we find that the 
festoration of educational research to 
is proper place is one of the problems 
major importance. The dislocations 
in this phase of our work have been 
specially severe. Wherever possible 
these programs have been devoted to 
developing immediately usable instru- 
ments of warfare and means of wartime 
production. We may note in passing 
that in this regard they have given 
m excellent account of themselves. 
Where the programs could not be di- 
rected into war work, they have been 
drastically curtailed. This has been 
necessary because of the scarcity of 
physical facilities and the stringency 
of manpower. 

Under such circumstances we may 
well profit from a re-examination of 
our research programs in terms of 
their functions in the educational sys- 
fem and regarding the policies and 
procedures which contribute to per- 
Lacking 
this, we are very likely to strive for 
simple reinstatement of our pre-war 


‘}systems, for which few of us would 


daim perfection. 
* Adapted from the report of the Commit- 


Hite on Research of the School of Electrical 


Engineering, Purdue University. Committee 


#members: J. R. Eaton, G. V. Mueller, F. O. 
BP Nottingham, R. P. Siskind, C. S. Sprague, 


and L. E. Beck. 


First of all we seek to acquire a per- 
spective whereby we can see the re- 
search programs in their proper rela- 
tion to the curricular and other pro- 
grams of the institution. Here it is 
important to recognize that a research 
program is merely one phase of the 
over-all educational enterprise, and that 
for proper effectiveness it should be 
neither under-emphasized nor over- 
emphasized. In some institutions the 
research programs have been very 
meager, with the staffs devoting al- 
most all of their time to course work. 
In certain others it seems that the staff 
members devote their best efforts to 
research, with teaching effectiveness 
being taken more or less as a matter of 
course. Evidently the most desirable 
condition exists in the middle ground 
wherein a proper balance is maintained 
between course work and research, 
with the two functions being coordi- 
nated and supplementary. 

This balance rests in large measure 
upon the policies followed by the ad- 
ministrative officers of the institution. 
Where administrators base their pro- 
motions and salary increases largely 
upon publications and research suc- 
cesses, research becomes predominant. 
Where teaching services are the sole 
criterion, research is neglected. The 
best situation exists where advance- 
ment is made on the basis of both 
teaching performance and _ research 
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success, with due recognition being 
given to the fact that the good teacher 
is not necessarily a good research 
worker and vice versa. 

The objectives of the research pro- 
gram in an engineering school may be 
stated as follows: 


1. Improving the educational work 
of the school by: 
a. Training students in research 
procedures 
b. Enriching the experience of 
teachers 
c. Maintaining an environment 
of research activity and prog- 
ress 
2. Extending the bounds of tech- 
nical knowledge through: 
a. Fundamental research 
b. Applied research . 
3. Providing service to the public 
through : 
a. Publications 
b. Technical services in those 
fields in which the school has 
especially good facilities. 


With a satisfactory program for at- 
taining these objectives, the incidental 
aim of advancement of prestige of the 
school and progress of the individual 
may be attained as a matter of course. 

The research work of an engineer- 
ing school may be conveniently con- 
sidered in two general catagories: that 
which is supported either directly or 
indirectly by external sponsors; and 
that which is sponsored entirely by the 
school. Projects in the first category 
are usually undertaken for specific pur- 
poses and the disposal of results of 
such research is ordinarily determined 
according to a pre-arranged plan. 
Projects in the second category are 

‘usually more informal: they may be 
conducted for any one of a wide variety 
of purposes and the results of such re- 
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search may be used almost entirely g 
the discretion of the school. 
Probably the most significant chang 
in our research programs has been th 
shift from the informal to the form 
type of project. Prior to the war,afi 
considerable proportion of the students 
who were awarded degrees in eng 
neering received some training in th 
informal type of research projet 
through the medium of a_ student 
thesis. At the present time, much @ 
the thesis work has been eliminated 
Probably this shift is largely due t 
the fact that student research calls for 
relatively large expenditures of staff 
time and physical facilities, both @ 
which are difficult to provide. ; 
An evaluation of the current 
search programs in terms of the stated 
objectives shows that our attainment 
of these objectives is quite meager 
The instructional aspects are curtailed 
because the secret nature of the pro} 
ects does not permit wide participation fi 
of students and teaching staff in th 
research program. Fundamental 
search has necessarily given way ® 
applied research, and the publication 
of. results is deferred because of th 
confidential nature of the projects. 
During the war emergency these cot 
ditions are necessary. But it would 
unfortunate to carry them forward 
altered into our peace-time prograit 
We believe that, when the opportu 
ties to do so present themselves, @ 
forts should be made to increase par 
ticipation by members of the teaching 
staffs in the research programs, to & 
pand the research training of our stt 
dents, especially those undergradualt 
students who intend to seek employ 
ment in the more technical phases 
engineering, and to encourage the p 
aration of technical papers based @fti 
research work. 3 
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The primary need in a program of 
mgineering school research seems to 
be the provision of adequate physical 
facilities. A large proportion of the 
projects undertaken are experimental 
in nature, and not simply analytical. 
Merely providing a space in which to 
work on such projects is not sufficient. 
Too often the investigator finds that 
most of his time is taken up in pro- 
uring materials, in arranging for the 
use of equipment, and in constructing 
makeshift devices for use in carrying 
wut the investigation. Too often he 
must obtain his materials from stock 
arried primarily for maintenance of 
laboratory equipment, and must depend 
upon the chance availability of main- 
tenance shop equipment for doing his 
machine shop work. Sometimes the 


mere details of arranging for the use 
of such facilities consume more time 
than the actual investigational work. 


If educational research is to be car- 
fied on efficiently, the system of shops 
aid stores must be so arranged as to 
make these facilities readily available 
to the investigator. Such a system 
should include not only space in which 
to work and tools with which to work, 
but also sympathetic supervision and 
assistance on the part of a skilled ex- 
WE perimental machinist. It should recog- 


i-Bnize that the students are not skilled 
pram craitsmen, and that the training which 


Fi they receive in working with materials 
Head tools is a worthwhile phase of 
Fitheir education. It should recognize 


imffaso that occasional damage to equip- 
&§ment is unavoidable in such a program, 
st#§and that the incidental maintenance 


fepresents a legitimate part of the ex- 
Fependiture for such training. 

Shop space and equipment should be 
HaProvided to meet this need. One sec- 
Hftion of the shop might be equipped for 
Pand work and the simpler machine 
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operations requiring only superficial 
supervision, and another section might 
be equipped with the more intricate 
machines which would be available to 
research workers only under strict su- 
pervision of the attendant. 

A stock of the more commonly used 
supplies should be built up and made 
available to research workers under the 
proper supervision. In electrical engi- 
neering, for example, this stock should 
include such items as screws, bolts, 
sheets, bars, wire, and a few of the 
more commonly used circuit elements 
like resistors, capacitors, and induc- 
tors. Probably it will become possible 
to obtain a considerable supply of some 
of these items at low cost by salvaging 
parts from obsolete equipment which 
becomes available at the end of the war. 

A second important need is the al- 
lowance of adequate staff time for su- 
pervision of this work. The proper 
supervision of research work calls for 
a very large expenditure of staff time, 
and it cannot be expected that a re- 
search program will be successful if 
these duties are merely superimposed 
on a full schedule of teaching. The 
value of student’ research, especially 
at the bachelor’s and master’s level, 
lies predominantly in the training of 
the student, and the supervision time 
is therefore a legitimate charge against 
the instructional budget of the school. 
In a few cases the added benefit of 
publication may be attained and in 
rare cases discoveries may be expected 
which will justify patenting procedures. 

The difficulties of making an equi- 
table time allowance for research su- 
pervision tend to lead to the practice 
of making no allowance for it at all, 
with the consequent deterioration and 
disappearance of the work. Success- 
ful projects must be very carefully de- 
vised and evaluated before they are 





| 218 


undertaken. Once the propect is under 
way, the very fact that the student is 
in need of training calls for close and 
sympathetic supervision. And finally, 
the supervisor must expect to provide 
considerable guidance in the presenta- 
tion of results. 

In the final analysis, probably the 
supervisor himself is the only person 
who can make a very good estimate of 
the time required. But to put the mat- 
ter on a reasonably definite basis, it is 
suggested that the supervision of a 
student research project be considered 
the equivalent of at least one contact 
hour per week of teaching. 

It is recognized that this is a rela- 
tively expensive form of instruction. 
Nevertheless it is worth the cost for 
those who have the proper qualifica- 
tions. It should not be wasted on stu- 
dents arbitrarily asigned to such work 
against their will. Ordinarily it should 
be handled on an elective basis, with 
adequate allowance of credit toward 
the degree. It might be desirable to 
establish a minimum scholarship index 
requirement for eligibility to such train- 
ing. 

In some projects the cost of the in- 
vestigation is borne by sponsoring 
agencies, and the use of results is defi- 
nitely limited by contract. Their pri- 
mary objective is the discovery of tech- 
nical facts. In other projects the re- 
search is informally sponsored by the 
school as a part of the preparation for 
a degree. Their objective is primarily 
instructional. In a middle ground 
there may be projects which are sup- 
ported to a greater or lesser extent by 
external grants and in which the use 
of results may be more or less free. 
The interests of the school are best 
served by maintaining a proper bal- 
ance among these types. 

Projects sponsored by industry are 
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valuable to the school, not only be 
cause they are self supporting but alg 
because of the contacts with industy 
which they provide. It is to be & 
pected that in a field of applied scieng 
like electrical engineering such projects§ 
would tend to involve applied researth 
rather than fundamental research, with 
a corresponding tendency to restri¢ 
the use of results. It is to be hoped 
however, that when the war endsi 
will become possible to handle such 
projects on a less confidential basis gf! 
that the work can be distributed mom 
freely among members of the staff and 
student body and so that more pub 
lications will result from it. It% 
recognized that it is necessary to kes 
certain types of research confidential 
While it is probably preferable to hawgt 
such confidential work done by the i 
dustrial concerns in their own labom 
tories when facilities are available, th 
engineering school can render an itt 
portant service by handling such props 
ects for sponsors who do not have adeg jt 
quate facilities of their own. | 
Probably the greatest need is the & 
tension of the instructional type @ 
projects which are carried on by stt 
dents and are supervised by the if 
structional staff. Such projects shoul) 
be evaluated primarily on the basis @ 
the training they provide for the si 
dent rather than in terms of their ¢¢ 
tributions to technology. This wot 
will probably be done mainly at 
level of the master’s degree, since i 
present trend seems to be to encour@ 
the more technically inclined student 
to acquire their more specialized trail 
ing in a post-graduate program. W 
ever, an effort should be made to# 
terest this select group in investigt 
tional work prior to their graduatiél 
and this might well be done by meal 


a 


of undergraduate research work of ff be consi 





works contract. 
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appropriate degree of difficulty and 
with the proper allowance of academic 
credit. 

While the primary aims of educa- 
tional research are the improvement of 
instruction and service to the public, 
the possibilities of personal advance- 
ment through publications and patents 
may be powerful incentives to the in- 
dvidual workers. To be most effec- 
five any incentive must be fairly defi- 
tite and its possibilities must be known 
inadvance. A more definite statement 
of policy on this matter would be help- 
ful as a stimulus to research work in 
most cases, and the policy should be 


@ made clear to all staff members. 


It must be recognized that the estab- 
lishment of such a policy is not a simple 
matter. Especially in tax-supported 
institutions care must be taken to safe- 
guard all of the equities involved. On 
the one hand, it is clear that the ex- 
pehditure of tax money for the per- 
-asonal gain of the employee cannot be 
justified. On the other hand, the in- 
‘stitution should not make a profit from 
the creative efforts of its employees 
df inless such creative efforts are a defi- 
tite part of the consideration in the 
employment. 

In those projects sponsored by in- 
dustrial organizations and research 


tf foundations the rights of publication . 


paand patenting are usually covered by 
If the individual worker on 
such a project is adequately informed 
Mtegarding his status, no difficulties 
Should arise. 
emg In those projects which are not 
Hf ormally sponsored the proprietary re- 
fi lations seem to be in need of clarifica- 
sition. Almost all of such investigations 
igeg fe sponsored by the school primarily 
jog Or educational purposes, and the ex- 
tension of technological knowledge may 


ivi be considered to be incidental. While 
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such projects may lead to discoveries 
of importance, the possibility that a 
given project would involve invention 
on which a sound patent situation could 
be built is quite small. The chances of 
developing a suitable topic for pub- 
lication are very much better. 

As a step toward clarification of the 
status of those who are conducting or 
supervising research projects not 
handled through formal contract the 
following general policy is suggested: 


1. That the school support only such 
projects as represent definite edu- 
cational values, either in the train- 
ing of students or in the enrich- 
ment of experience of staff mem- 
bers. 

. That the expenditures made by 
the school in support of such 
projects be considered as pay- 
ment for educational values 
created in behalf of the students 
and: the public. 

. That staff members who devote 
part of their employment time to 
such work have the obligation to 
promote educational purposes 
thereby through the training of 
students and publication of such 
results as merit publication and 
are not confidential in nature. 


The status of staff members who 
make patentable discoveries or inven- 
tions not connected with projects cov- 
ered by contract is often quite indefi- 
nite. The practices in the various in- 
stitutions range all the way from direct 
assignment of such rights to the in- 
stitution or its designated agency on 
the one hand to complete freedom of 
choice by the individual on the other. 
The issue involved is a controversial 
one which is beyond the scope of this 
article. But regardiess of the policy 
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being followed in any given institution, 
it seems clear that a complete under- 
standing of that policy on the part of 
the staff will result in better work and 
fewer misunderstandings. In addition; 
it appears that any investigations which 
do not contribute to the educational 
venture in some way should not be un- 
dertaken. 

In conclusion, we may say that in 
considering educational research, the 
emphasis should be on the word edu- 


cational rather than on the word re 
search. While many far-reaching a¢ 
vances in technology have emanated 
from educational laboratories in the 
past and may be expected from the 
same source in the future, the maip 
burden of such work is now carried by 
industrial laboratories and research or 
ganizations. The primary aim of edu 
cational research programs is the train. 
ing of personnel for service in technical 


pursuits. 
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It is said that “all the important 
fomulae of modern mechanics were 
»fiscovered and employed in the period 
# Galileo and Newton” (1). How- 
er, this statement applies only to the 
‘Piilosophic and not the engineering 
‘frew of mechanics. Furthermore, the 
‘Jems applied to the different quanti- 
‘Pits have changed, the importance at- 
tached to various topics has shifted, 
meepts have gradually enlarged, and 
ways of presenting the subject 
tter have been devised and used. 
“BXesistance of materials, unlike theo- 
tical mechanics, is new for it has been 
oped since the time of Galileo and 
‘Flewton and most of it within the past 
hundred and twenty-five years. 
My purpose is to trace some of the 
anges which have taken place in 
“Piese subjects over the period from 
phot 1800 to 1900. The two topics 
# mechanics and resistance of ma- 
tfials will be discussed separately. 


ENGINEERING EDUCATION 
European and American 


Before engineering textbooks can 
interpreted and evaluated properly, 
is necessary that we have a clear 
‘Pderstanding of the beginnings of en- 
Pineering education and of the philoso- 
lies which have at different times 
red it. 







A Century of American Textbooks in Mechanics 
and Resistance of Materials 









By JASPER O. DRAFFIN 
Professor of Theoretical and Applied Mechanics, University of Illinois 


What we may call the beginnings of 
formal engineering education began in 
France with the school which was con- 
nected with the Corps des Ponts et 
Chaussées, which Corps was begun in 
1716. From that time engineering 
schools were established about as fol- 
lows: 


Corps des Ponts et Chaussées 1716 
L’Ecole des Ponts et Chaussées be- 
gun by Perronett 1747 


L’Ecole des Ponts et Chaussées 


given official recognition 1775 
Bergakademie, Freiberg 1765 
L’Ecole Polytechnique 1794 


First graduate of United States 
Military Academy 

United States Military Academy re- 
organized by Col. Thayer 

Rensselaer Polytechnic Institute be- 
gun 

Rensselaer Polytechnic Institute of- 
fered course in civil engineering 

Rensselaer Polytechnic . Institute 
graduated first civil engineering 
student in English-speaking world 1835 

Rensselaer Polytechnic Institute re- 
modelled after French schools 

First formal teaching of civil engi- 
neering in England begun in Uni- 
versity College, London 

Chair of civil engineering founded 
at University of Glasgow by 

Queen Victoria with W. J. M. 

Rankine as Professor 


1802 
1817 
1824 


1829 


1849 


1840 


1840 
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School of Engineering at Union 
College 

Lawrence Scientific School, 
vard 

Sheffield Scientific School, Yale 

First engineering college in India 

Chandler Scientific School; Dart- 
mouth 

Engineering Department organized, 
University of Michigan 

University of Michigan offered 
course in engineering 

University of Michigan awarded de- 
grees in engineering 

Columbia School of Mines estab- 
lished 

Massachusetts Institute of Tech- 
nology begun 

Thayer School of Civil Engineer- 
ing, Dartmouth 

Worcester Polytechnic Institute 

University of Illinois (one of the 
Land Grant Colleges) 


1845 
Har- 
1846 
1847 


1851 
1852 
1853 
1860 
1864 
1865 


1867 
1868 


1868 


The influences which bear upon an 
institution are potent factors in de- 
termining the trend of its educational 
thought and processes. These factors 
affect not only the content of the 
courses but also the mode of presenta- 
tion of the subject. In the early days 
the best example of advanced scientific 
engineering education was in France 
where the highest type of mathematical 
analysis as applied to engineering was 
taught to students who were adequately 
prepared to assimilate this type of train- 
ing. These men were not taught shop 
work, manual training and _ similar 
courses and, as a consequence, the en- 
gineers educated in the French school 
were highly theoretical. During the 
same period the English engineers 
were educated through a system of ap- 
prenticeship which envisioned a degree 
of self-education added to the practical 
background.. The philosophies which 
guided engineering education in the 
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two countries were direct opposital Phe pr 
French conditions brought forth somlitsnics m 
highly theoretical French books Me... 
the English conditions did not bayemnme?* 
out books in England of high theongill. Ns 
cal quality, i Sanet ( 
Previous to about 1800 there wagmieyjeo, 1 
engineering education of any sort, Gi Science: 
cept the most rudimentary kind, gijyygens, 
America. -E torium. 
“Piavion, 

ANALYTICAL MECHANICS ge 

Early Literature Thi 


Formal engineering education beg 
in America before it began in Englay 
and it was natural that at first / 
can technical education should f 
somewhat the French type. This te n 
ency is borne out by an investi b t 
made in 1933 by Ralph Shaw offi 
Engineering Societies Library (Qt 
He found that of the books and pig ® 
lications of interest to the engineer’ 
his professional capacity (excl 
mathematics, mechanics, etc.) up 
1830 there were 692 titles of whieh 
per cent were published in Englaii gioue 
32 per cent in America and 27 per a ange 
in France and only about 4 per@ 
in all other languages. Between’ 


st of 
and 1860, Shaw states, the Gemmenct@ 


he mod 


publications increased at the ex u 


of the French publications. a, te 

Previous to about 1850 mechs -— 
was taught in and as a part of Naf 
Philosophy (physics) and some of 
liberal arts colleges, such as Harv 
Dartmouth, Yale and others, off: 
courses in mechanics in the dep 
ment of mathematics. In most @ 
the work was highly theoretical 
not intended for or adapted to 
neering purposes. Even so this te 
ing exerted an important effect 6 
scientific thinking of educated met™ 
that time. 











The principal source books of me- 
ics may be said to be: 






<Michimedes whose method of approach 
"™ was simply the lever. 

yin, 1586, De Beghinseln der Weegh- 
const (Principles of Equilibrium). 

0, 1638, Discourses on Two New 
Sciences. 
uygens, 








1673, Horologium Oscilla- 























torium. 

iton,, 1687,. Philosophiae Naturalis 

Principia Mathematica. 

ill, 1700, An Introduction to Natural 

“Philosophy (English translation 1720). 

“Waignon, 1725, Nouvelle Mécanique ou 

OF Statique. 

“eiravesande, 1731, Trans. by J. T. De- 
“guliers, 4th Ed., Mathematical Ele- 

ments of Natural Philosophy. 

, 1736, Mechanica sive Motus Scien- 

Analytice. 

lAlembert, 1743, Traité de Dynamique. 

(lusschenbroek, 1744, The Elements of 

Ma tal Philosophy (English transla- 


werson, 1758, 2nd Ed., The Principles 
“ot Mechanics. 
.  gttlace, 1799, Mécanique Céleste. 
“"mosson, 1833, 2nd Ed., Traité de Méca- 


inge, 1853, Mécanique Analytique. 


Ost of the books in this list were not 
ticularly suitable as textbooks in 
f modern sense but they furnished 
_ #rerences for the teachers and for ad- 
sgmnced students. How many of them 
fe available in the various universi- 
$and colleges in the early days is 
kertain but most of them were prob- 
ly available in some university or 
jeqaupnvate library. 
st eu Song the textbooks written previ- 
ical ae tO about 1900 on what may be 
waeed engineering mechanics the fol- 


Of 






to ? ‘ 
is teamgenne are important ; 
t on Foreign 
eo Work son, T., 1785, A System of Me- 





a 
1s 


cs. 
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Gregory, O., 1805, A Treatise on Me- 
chanics. 

Bridge, B., 1814, A Treatise on Me- 
chanics. 

Boucharlat, M,, An Elementary Treatise 
on Mechanics. Translated from the 
French in 1833 by E. H. Courtenay. 

Whewell, W., 5th Ed., 1836, An Ele- 
mentary Treatise on Mechanics. 

Rankine, W. J. M., 1858, A Manual of 
Applied Mechanics. 

American 

Olmsted, D., 1831-1891 (many revisions) 
An Introduction to Natural Philosophy. 

Bartlett, W. H. C., 1853, Elements of 
Analytical Mechanics. 

Peck, W. G., 1870, Elementary Treatise 

on Mechanics (No calculus). 
1887, Elementary Treatise on Ana- 
lytical Mechanics (Calculus). 

Wood, DeVolson, 1876, The Elements of 

Analytical Mechanics. 
1877, The Principles of Elementary 
Mechanics. 

Bowser, E. A., 1884, An Elementary 
Treatise on Analytical Mechanics. 

Lanza, G., 1885, Applied Mechanics. 

Church, I. P., 1887, Mechanics of Engi- 
neering. 

Michie, P., 1887, Elements of Analytical 
Mechanics, 

Wright, T., 1896, Elements of Mechanics. 

Maurer, E. R., 1903, Technical Me- 
chanics. 


Obviously no attempt has been made 
to make the list complete, especially in 
the later years, but only those books 
are mentioned which have had rather 
large sales and which may be presumed 
to have exerted a correspondingly large 
influence on engineering or technical 
education. 

A study of the mechanics books 
named in the preceding lists will in- 
dicate the truth of the opening sen- - 
tence of this paper, namely that all the 
important formulas were long since 
known. Nearly all of the books deal 
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with concurrent, coplanar, and non- 
coplanar forces, center of gravity, me- 
chanical powers of pulleys and ma- 
chines, impact, rectilinear and curvi- 
linear motion, pendulums. Yet the 
method of approach, the placing of em- 
phasis varies greatly over the period 
mentioned. Such tools as the free- 
body diagram and the joint and section 
methods of truss analysis did not ap- 
pear in American textbooks on me- 
chanics until about 1880. 

One of the most pronounced varia- 
tions in the various textbooks is in the 
mathematical presentation, of which 
there are three types. The term Eu- 
clidean, called synthetic by some writ- 
ers, may be used to describe the method 
of approach in which the proofs are 
geometrical and the reasoning is by 
ratios and proportions, following some- 
what the methods used in the fifth book 
of Euclid. In this mode of presenta- 
tion axioms are assumed, lemmas and 
propositions are demonstrated, corol- 
laries are established and scholia are 
deduced, following somewhat the 
method employed by Newton. (It is 
an interesting fact that though Newton 
created the calculus he did not use it 
in writing the Principia.) At the other 
extreme is the algebraic method which 
forecasts our present or analytical type 
of analysis. Finally there is an inter- 
mediate method which preserves the 
terms and form of propositions, corol- 
laries and scholia and which makes 
some use of ratios and proportions but 
which is essentially algebraic. 

In order to compare different au- 
thors it should be remembered that be- 
sides the different modes of presenta- 
_tion there were two schools of thought 
developed along different lines, the 
Newtonian method dealing with force, 
mass and acceleration, and the French, 
or more properly the continental, 


‘ stitutes of Natural Philosophy 
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method following Huygens, D’ 
bert and Lagrange and using the 
developed analytical method and 
ideas of work, energy, and virtual yp 
locities. The contrast between the ty 
schools of thought is great. on 


Mechanics at the United States Mii 
tary Academy ae 


In America the foundations of € 
neering or technical education W 
first taught at the United States 
tary Academy at West Point. 
really effective beginning of this” 
stitution was in 1817 when Col. 

“the father of West Point,” re 
from his studies in Europe and & 
charge of the Academy where he 
tinued until 1833. As a consequt 
of the thorough mathematical trainin 
given at the Military Academy, it 
cupied a position of commanding i 
portance in early engineering edt 
tion in America. Up to about 
Rensselaer Polytechnic Institute a 
Union College were the only distin 
civilian engineering schools in Amen 
and since most of their teachers fi 
been educated at West Point the tes 
ing at the Military Academy set: 
standard as well as the pattern. 1 
tween 1833 and 1876 the only @ 
portant American textbooks in air 
lytical mechanics were those written 
West Point teachers and gradualt 
Consequently, a discussion of the m 
chanics taught and the textbooks us 
at West Point will represent the 
eral character of engineering mechafit 
before 1850. Be 

It is reported that at the Mili y 
Academy from 1802 until 1812, “Oce 
sionally some of the more advaf 


students were taught mechanics aig Oy’ 


practical astronomy from ‘Enfield’s# 


In 1812 a department of Natural aif 
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rimental Philosophy was organ- 
4 ied and it would appear that Enfield’s 
Institutes continued to be used. 

Gregory’s “Treatise on Mechanics” 
was first used in 1818 but it was found 
vty difficult by the students and in 
{819 it was decreed that only the first 
section (highest) should use it. The 
second section should study “a corre- 
gonding, but more easy and familiar, 
wurse of mechanics. . . . They have 
frason to believe . . . that Parkinson’s 
Mechanics’ . . . will be found suitable” 
(4). In 1820 the Academic Board 
efnitely adopted Gregory but in 1824 
Bridge’s “Treatise on Mechanics” was 
opted for the lower sections (5). 
How long these two textbooks were 
$8 wed is uncertain but in 1830 Fran- 
meur’s ““Traité Elémentaire de Méca- 
fique” was in use by the first section 
.{ ad Boucharlat’s “Traité de Mécani- 
The 
ch edition of Boucharlat’s book 


ll by the second section. 


jf Was adopted in 1831 and Courtenay’s 


English translation of it in 1833 (6). 
‘Courtenay’s translation of Bouchar- 
lt was used until 1850 when it was 
fiperseded by Bartlett’s “Synthetical 
Mechanics” which in 1853 was re- 
flaced by his “Analytical Mechanics” 


' im p.. There was then no change for 


lirty-three years when, in 1886, 
Michie’s book, “Elements of Analytical 
anics,’” was adopted and used 


inti] about 1902. 


Exposition in Foreign Books 


Practically all of the mechanics text- 
books of 1890 or earlier included a 


ilitay§ Meatment of the mechanics of fluids 


sf but this topic will not be considered in 
this paper. The first edition of Greg- 


; ail Ory was published in 1805 with a third 


ition, which consisted of two vol- 


GA imes of text and one volume of plates, 


wi im 1815. The fact that it was trans- 
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lated into German in 1828 suggests 
that it was held in some esteem. There 
are 162 pages devoted to statics and 
183 pages to dynamics. The book was 
written, according to the preface, in an 
effort to bring together the efforts of 
the mathematicians and the practical 
engineers of that time. Gregory says 
in his preface, “a forbidding distance 
and an awkward jealousy seem to exist 
between the theorists and the practical 
men engaged in the cultivation of me- 
chanics in this country,” and he goes 
on to point out that it is a common feel- 
ing in England that “a man may be- 
come celebrated . . . in the construction 
of machinery, while he is completely 
unacquainted with the principles of 
mathematics.” 

Gregory uses the Euclidean method, 
He first states a proposition to be dem- 
onstrated, then proceeds through the 
various steps and finally arrives at a 
satisfactory result marked Q.E.D. On 
the basis of this demonstration he then 
deduces corollaries and scholia. Greg- 
ory at times resorts to calculus or 
fluxious instead of Newton’s geomet- 
rical mathematics, but in the calculus 
he adopts the notation of Newton 
rather than that of Leibnitz. Some- 
times he employs trigonometry and the 
method of proportions, of which the 
following is an example: “When two 
bodies have different uniform motions, 
the spaces described are proportional to 
the times and velocities jointly, or 
s:s'::v:v’.” The preface contains a 
long argument to justfy his utilization 
of fluxions because he feels that some 
people will think his mathematics are 
not elegant enough. He uses the 
“parallelogram of forces” and the ideas 
of and the equations =F, = 0, SF, = 0, 
though he does not use this notation. 
He works no numerical problems and 
does not avail himself of the method 
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of work and energy. Many references 
are given to other books, both theo- 
retical and practical. 

Gregory was taught, as previously 


indicated, at the United States Mili-° 


tary Academy for some ten or twelve 
years. An appraisal of his book by a 
mathematician is, “His works are col- 
lections of rules rather than expositions 
of principles, and are wanting in analy- 
sis. Gregory is at his best when he de- 
scends to the minutiae of practice” 
(8). While there is an element of 
truth in this contention it should be 
remembered that it is the opinion of a 
mathematician rather than of an engi- 
neer. 

Following or along with Gregory is 
another English text, “A Treatise on 
Mechanics,” by Rev. B. Bridge. His 
work is somewhat the same as Greg- 
ory’s though much shorter. He starts 
out with “composition and resolution 
of motion,” from which he infers that 
the same relation holds for forces as 
for motion, an inference which Greg- 
ory specifically rejects. Bridge em- 
ploys the method of proportions though 
in some cases he sets up the equations 
of equilibrium but without using that 
notation. He introduces fluxions in a 
number of places but does not utilize 
the method of work and energy. He 
discusses constant and variable forces, 
the motion of various bodies, especially 
of projectiles and “collision of bodies,” 
the motion of bodies on inclined planes, 
rectilinear and curvilinear motion, 
levers, screws, pulleys, tension in cords 
and stresses in beams. Many special 
cases are worked out. 

Bridge’s book is unusual and is a 
pioneer in one important respect, viz., 
many numerical problems are set up and 
solved in order to illustrate the gen- 
eral principles discussed. He also in- 
cludes some numerical problems, “Ques- 


tions for Practice,” for the student 
to solve, though the answers are usually 
given. One of these problems is the 
familiar one of the time required for 
a body to fall to the bottom of a well, 
Another is typical, “A weight of 2 hh, 
(W) descending upon a plane whose 
elevation is 45°, draws another weight 
(W’') of one lb. up a plane whose ee 
vation is 30° ; what proportion does the 
force which accelerates W bear to the 
force of gravity? Ans. 2V2—1:6" 

Another book, somewhat similar 
that of Bridge, is Whewell’s “An Ele 
mentary Treatise on Mechanics” 
Whewell gives no problems, and, like 
Gregory, maintains that there is “an 
estrangement between the theoretical 
and practical cultivators of Mechanics 
which is prejudicial to both.” Also 
like Gregory and unlike Bridge, he 
maintains that the parallelogram law 
does not of necessity hold for forces 
because it has been shown to be frie 
for motion. Apparently neither of 
these people had grasped the notion of 
a directed quantity, a vector, as we 
now know it and they felt that each 
proposition must be shown to be trie 
separately. Newton and Varignon 
with their enunciation of the parallelo- 
gram law and Euler with his resolution 
of forces into rectanglar component 
must have recognized the significam 
of directed quantities, vectors, but 
of their followers did not understant 
this idea. 

Though not in chronological order, 
one cannot pass over in silence at this 
time that extremely important text 
book, “A Manual of Applied Me 
chanics, 1858,” by Rankine. This 
book, together with the other writings 
of Rankine, exerted a remarkable 2 
fluence on engineering thought @ 
practice. Yet there seems. to be li 
record of its use in engineering 
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in this country, at least the writer has 
found only two such records; viz., at 
the University of Tennessee in 1880- 
1990 and Virginia Military Institute, 
1887-1888. 


An Early American Book 


At the outset it must be remembered 
that the early American textbooks on 
mechanics were written by mathema- 
ficians and physicists. These writers 
did not have the outlook of an engineer 
and consequently their presentations 
ae highly mathematical, logical and 
formal rather than engineering in char- 
acter. 

Probably the first American writer 
who had a large influence on the sub- 
ject matter of mechanics as taught in 
colleges, and therefore indirectly in 
gineering schools, was Denison Olm- 
sted at Yale University.. His book on 
‘Natural Philosophy” was written in 
1831, was revised and stereotyed in 
1844 and later revised by various au- 
thors, the latest revision being in 1891. 
Though written primarily for the stu- 
dents at Yale, it was used at Dart- 
mouth in 1834 and “came to be almost 
tmiversally used in our colleges” (9). 
Olmsted says at the beginning of the 
mathematical section on mechanics, 
which comprises 165 pages (the entire 
section labelled mechanics contains 259 
pages), that he is basing his work on 
Bridge though he refers to a number of 
other writers, 


dred unsolved examples or problems to 
which the answers are given. He con- 


fions it in the preface where he says, “a 
great variety of Problems are annexed 
toeach chapter. . . . Problems hold so 
important a place in the estimation of 
the writer, that he has introduced them 
into various parts of the work... it 
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Olmsted’s work contains over a hun- - 


siders this an innovation for he men-- 
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is difficult to account for the fact that, 
treatises on Natural Philosophy have, 
in general, contained few or no prob- 
lems.” One of his problems is sugges- 
tive, “A ship weighing 336,000 Ib. is 
dashed against the rocks in a storm 
with a velocity of 16 miles per hour; 
with what momentum did she strike? 
Ans. 7,884,800 Ibs.” (Note the unit in 
the answer. ) 


An American Translation 


In view of the strong influence of 
the French school in the United States 
Military Academy it is not surprising 
that Gregory did not entirely satisfy 
those who taught mechanics from it. © 
As previously indicated Boucharlat’s 
work was introduced in the French edi- 
tion in 1831 and was used for two 
years, after which it was translated 
into English and used until about 1850. 
This translation was apparently the 
first textbook of mechanics specifically 
prepared in America for what might be 
termed technical or engineering stu- 
dents. Since it was used for a long 
time some details seem desirable and 
they follow. The book was called * 


An Elementary Treatise on Mechanics 
Translated from the French of 
M. Boucharlat 
With Additions and Emendations De- 
signed to Adopt it to the use of the 
Students of the U. S. Military 
Academy 
by Edward H. Courtenay 
Professor of Natural and Experimental 
Philosophy at the Academy 


1833 


The translator says in the preface 
that he has added and omitted some 


* The copy examined was borrowed by the 
Library of the University of Illinois from 
the John Crerar Library, Chicago. 
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topics or the treatment of certain topics 
and, “in supplying the deficiencies of 
the original, reference has been had 
frequently to the works of Poisson, 
Francoeur, Navier, Persy, Genieys; 
and Gregory.” He also states in the 


preface that “The works of Boucharlat 
have long enjoyed an unusual share of 
public favor.” 

There are no diagrams in the body 
of the text but there are nine folded 
plates in the back containing a total of 
The contents are as fol- 


254 figures. 
lows: 


Part First—Statics (which includes 
Strength of Materials), pp. 1-185. 

Part Second—Dynamics, pp. 187-347. 

Part Third—Hydrostatics, pp. 349-406. 

Part Fourth—Hydrodynamics, pp. 407- 
432. 


He discussed the customary topics 
of force systems, center of gravity, 
lever, wheel, inclined plane, motion, 
simple pendulum (7 pages), compound 
pendulum (6 pages), projectiles in a 
vacuum and in a resisting medium, im- 
pact of elastic bodies, principle of D’- 
Alembert, moment of inertia. He dis- 
cusses plane motion and the principle 
of the motion of the mass center, 
though these terms do not appear. 
The topic of work is handled in two 
pages. Of course there is nothing in 
the nature of the analysis of a truss or 
frame. The calculus is used freely and 
the method of proportions rather than 


the development of equations is em- ° 


ployed in statics. Many of the analy- 
ses and discussions are quite academic, 
as for instance the six and one-half 
pages devoted to the catenary without 
a hint of any use which may be made 
of the analysis. There are 5 or 6 
numerical problems worked out but no 
problems for the student to solve. 
Boucharlat recognized that there was 
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more material than could be covered 
all groups and he indicated som 
articles which might be omitted if. the 
time were limited; one of these 

was entitled, “On the System of the 
World,” 19 pages, and another was, 
“Of the Conditions of Equilibrium of 
a Point acted upon by several Forces, 
and subjected to the condition of te 
maining constantly on two curved Sar 
faces, or on a Curve of double Cura. 
ture,” 3 pages. 


A Strictly American Textbook — 


The next American textbook on the 
subject was “Synthetical Mechanics’ 
by W. H. C. Bartlett. He was a grad- 
uate of the United States Mili 
Academy, Class of 1826, and tay it 
there as Professor of Natural and 
perimental Philosophy from 1834 
1871. “Synthetical Mechanics” was 
based on or was a translation of a work 
by J. V. Poncelot. It was based on 
geometrical considerations rather than 
upon the calculus. It is strange that 
Bartlett should have used the geome 
rical method in writing a textbook for 
he was said to “despise geometry’ 
(10). There was strong protest 
some of the teachers at West Poa 
when it was proposed to use it 
and after three years it was super: 
by another book by Bartlett called 
“Elements of Analytical Mechanics, 
which might well be called the first 
American textbook on mechanics. ~ 

Of his “Elements of Analytical Me 
chanics” Bartlett says in the 
“The following pages were mainly pre. 
pared several years ago for the 
the author’s classes in the U: 
States Military Academy. Their 
lication has been unavoidably 
poned to the present time. . . . 
the book and its method of approach 
one critical mathematician called & 
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“The first American work of its kind 
ghich starts out with, and evolves 
gerything from, that precious intel- 
jetual acquisition of the nineteenth 
century—the law of the indestructibil- 
ity of matter and energy” (11). The 
work is exceedingly abstract, uses the 
aleulus constantly, discusses many 
gecial cases, solves a few examples, 
mostly in terms of symbols, but gives 
to problems for the student to solve. 

Concerning the philosophy of the 
presentation, he says in the preface, 
‘In accordance with the suggestions 
ai much experience in the business of 
taching, all unnecessary divisions and 
sib-divisions have been avoided. They 
too often divert the mind from what is 
sential to that which is merely acci- 
dental. . . . All physical phenomena 
we but the necessary results of a per- 
petual conflict of equal and opposing 
forces, and the mathematical formula 
pressive of the laws of this conflict 
ttust involve the whole doctrine of Me- 
tanics. The study of Mechanics 
should, therefore, be made to consist 
simply in the discussion of this formula. 
... He does not state explicitly the 
formula to which he refers but it is 
the principle of virtual velocities or 
the conservation of energy which he 
develops elaborately. 


ZP-5p — =m Boas = 0 

He sets up equations of work and 
tergy, impulse and momentum, force, 
Mass and acceleration though he does 
but little with acceleration and does not 
define the term. Equilibrium is dis- 
Gissed by saying “that whenever 
several forces are in equilibrio, the 
algebraic sum of their virtual moments 
i$ equal to zero; and in this consists 
What is called the principal of virtual 
Velocities” (12). In demonstrating 
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mathematically the truth of the above 
statement Bartlett used a device called 
a muffie, consisting of a number of pul- 
leys and cords, to maintain equilibrium 
and if necessary to give an infinitely 
small motion to the body in equilib- 
rium. 

After he has set up general princi- 
ples he proceeds to deal with various 
topics in statics ; center of gravity, pro- 
jectiles, orbits, impact. For the center 
of gravity of a circular arc he first de- 
velops the equation for the center of 
gravity of a plane curve and substitutes 
in it the equation for the arc of a cir- 
cle. An example of the forms of ex- 
pression used is “the center of gravity 
of a circular arc is on a line drawn 
through the centre of curvature and its 
middle point, and at a distance from 
the centre equal to a fourth propor- 
tional to the arc, radius and chord” 
(13). Rather strangely he does not 
derive directly the value for the center 
of gravity of the area of a circular sec- 
tor but instead uses the method of di- 
viding the area into small triangles and 
applying the equation for the center of 
gravity of a circular arc. He does not 
mention trusses or the determination 
of the stresses in trusses. 


New Writers Appear 


The fact that it was nearly twenty- 
five years after Bartlett’s “Analytical 
Mechanics” was published before a 
comparable text appeared suggests that 
mechanics and engineering were both 
in a rather static state. The next 
writer was DeVolson Wood, a grad- 
uate of Rensselaer Polytechnic Insti- 
tute, who came to the University of 
Michigan to teach civil engineering in 
1857. He remained until 1872 when 
he went to Stevens Institute of Tech- 
nology to become Professor of Mathe- 
matics and Mechanics. He was a 
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strong man, wrote strong books, and 
left his impression permanently on en- 
gineering teaching. In 1876 he pub- 


lished “The Elements of Analytical 


Mechanics.” The edition examined in 
connection with this paper was the 
fourth, written in 1884. The preface 
says, “The plan of this edition is the 
same as the former one.” It is highly 
mathematical, with many academic dis- 
cussions. He uses force-mass-accel- 
eration, work-energy and impulse- 
momentum methods but does not 
emphasize virtual velocities which he 
covers in six pages. The book contains 
a goodly number of problems, some dis- 
tinctly engineering in flavor, but many 
are astronomical in character. There 
are only a limited number of problems 


‘on trusses and frames. 


The next book to be mentioned is the 
“Elementary Treatise on Mechanics” 
of Professor W. G. Peck which was 
published in 1870. Professor Peck, 
who taught at the University of Michi- 
gan between 1855 and 1857, was a 
son-in-law of Professor Charles Davies, 
who wrote a most important series of 
mathematical textbooks ranging from 
arithmetic to calculus, and who was 
for a long time a teacher at West 
Point. Peck states in the preface that 
he desired “to produce a book which 
should form a suitable connection link, 
between purely popular works, on the 
one hand, and those of the highest 
grade on the other.” It was intended 
for study in colleges, did not use the 
calculus, and was an excellent little 
book in many ways. The equations 


were in the form in which they are now 
used but the units were confused ; dis- 
tance, velocity, and acceleration all had 
the same unit, feet. In 1887 Peck pro- 
duced another book entitled “Elemen- 
tary Treatise on Analytical Mechanics.” 
This was slightly more advanced than 


the earlier one and used the caletilas 
freely. However, it contained the 
same confusion of units which appeared 
in the 1870 publication. The 1887 
book contained 95 problems, in statics 
and kinetics, with answers given. ]f 
emphasized force, mass and accelera 
tion, and included a fair amount of 
work and energy. im 
Expansion of Engineering Education 
The Morrill Land Grant Act of 1862 
and the general industrial development 
following the close of the Civil War 
caused the establishment of many 
schools of engineering. The magne 
tude of this expansion is shown by the 
fact that in 1866 only “six engineering 
colleges of established reputation” @ 
isted and that only 300 men had bea 
graduated in the preceding thirty-one 
years while by 1870 there were twenty: 
one colleges and 866 graduates (14), 
Partly as a result of the increased 
demand for various types of mechanics 
textbooks, of the advances being made 
in practical engineering and of the 
progressive viewpoint of a numbef of 
strong teachers, there were a number 
of textbooks of mechanics written 
between 1880 and 1890, including 
Bowser, Lanza, Church and Mi ie. 
The one by Bowser, “An rere 
Treatise on Analytical Mechanics,” 
so remarkable in one respect that $ 
demands special mention. 
The book was copyrighted in 1884 
the sixth edition is dated 1892 % 
another edition is dated 1923. The 
total issue was 17,000 but the remaf 
able fact is that it started out with 9 
pages and ended with 511 pages. 
term “edition” as used in this 
must mean printing but still it is’ 
markable that, with such a large | 
the number of pages did not c 
39 years. The book is highly 
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‘matical and theoretical with 615 un- 
glved problems which lean toward 
gtronomy and contain very few ex- 
amples of modern engineering. There 
ge no trusses or framed structures 
ad free-body diagrams are neither 
ysed nor mentioned. While most of 
the work is analytical some of it. is 
geometrical. He used both force-mass 
gceleration and work-energy methods. 
Michie’s book, “Elements of Ana- 
lytical Mechanics,” was published in 
1887, and was highly theoretical. He 
did not deign to discuss the analysis 
ofa truss but gave graphical analyses 
ofa number of trusses, these examples 
being taken from Levy’s “La Statique 
Graphique,” 1874. Michie _ says, 
‘While the computation of these 
stresses can be made by the usual 
amalytical methods, the processes of 
graphical statics are so simple and 
accurate as to make them of frequent 
application” (15). He then goes on 
to say regarding trusses that “the 
further development more properly be- 
longs to applied mechanics in Civil 
Engineering.” Yet he gives elaborate 
analyses of such machines as the screw, 
inclined plane, pulley, wheel and axle, 
wedge, and lever. He does not discuss 
(quilibrium by setting the sum of the 
forces and moments equal to zero but 
states that “When a body is in a state 
of equilibrium . . . the acceleration 
factors in the general equation of 
energy become separately equal to zero, 
and there can then be no change of 
potential into kinetic energy, or the 
teverse” (16). He followed Bartlett 
in giving strong emphasis to the method 
of virtual velocities or what might’ be 
called the kinetic rather than the static 
method of approach. Michie may be 
said to have perpetuated Bartlett’s 
philosophy of mechanics. 
_ This strong emphasis on the theo- 
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retical, the scientific, was probably a 
result of the highly theoretical ap- 
proach by the French school of thought. 
Its influence on engineering was well 
stated by Merriman nearly fifty years 
ago when he says, “Engineering 
courses of study a quarter of a century 
ago were scientific rather than tech- 
nical . . . engineering practice was 
rarely discussed . . . , yet the scien- 
tific spirit that prevailed was mostly 
praiseworthy. . . . Gradually . . . the 
scientific school developed into the en- 
gineering college” (17). 

Lanza’s “Applied Mechanics,” pub- . 
lished in 1885, is much less theoretical 
than the books previously mentioned. 
It includes trusses and employs the 
method of sections as well as graphical 
methods. He does not use the term 
“free-body diagram” though the idea 
is involved in the analysis of the 
stresses in trusses by sections. He de- 
rives work-energy, force-mass-accel- 
eration and impulse-momentum rela- 
tions but does not use virtual velocities. 
He does not solve many problems and 
does not give many for the student to 
solve. 


An Engineering Textbook 


In 1887 I. P. Church brought out 
“Mechanics of ‘Engineering,” the first 
really engineering textbook on me- 
chanics published in America. He 
uses free-body diagrams and so far as 
the writer has been able to discover is 
the first writer to use that term. He 
refers to “two-force pieces” where the 
forces are collinear with the axis of 
the piece. He devotes only a short 
chapter to virtual velocities and sets up 
and uses force-mass-acceleration and 
work-energy relations but seems to 
make little or no use of impulse-mo- 
mentum relations. A_ considerable 
number of engineering problems are 
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worked out with numerical values and 
others are given for the student to 
solve. On the whole the treatment of 
statics and kinetics is short, only 194 
pages, but it has a distinctly engineer- 
ing flavor not found in any earlier 
American textbook on mechanics. The 
warmth of its reception is indicated by 
the issue of 24,000 copies. 

Another book which reached a meas- 
ure of popularity was T. W. Wright’s 
“Elements of Mechanics.” It was pub- 
lished in 1896 and went through a 
number of editions, the latest in 1909. 
Some of the problems, of which there 
are many, are academic rather than 
engineering. One interesting feature 
is the large number of short historical 
items which it contains, telling who 
originated certain terms and principles. 


A Changed Viewpoint 


In spite of all the excellent changes 
which had been made in textbooks 
something was still lacking and that 
something was well stated by Professor 
Mansfield Merriman. In his S.P.E.E. 
presidential address in 1896 he referred 
to the great thoroughness with which 
mathematics was taught, and declared, 
“The most fundamental®. . . change 
... must be. . . a partial abolition of 
the formal logic of the textbooks and 
an introduction of historical and utili- 
tarian ideas. Next to mathematics 
comes mechanics. . . . In most insti- 
tutions the rational is separated from 
the applied mechanics and often taught 
by the mathematical department. 
Probably less improvement has re- 
sulted in the teaching of rational me- 
chanics during the past quarter of a 
century than in any other subject” 
(18). 

In 1903 E. R. Maurer brought out 
his book “Technical Mechanics” and 
with this we have a completely modern 
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textbook of mechanics. Force-magg 
acceleration, work-energy, and i 
momentum relationships are all use 
trusses are analyzed by the use of the 
free-body diagram, though the tem 
is not used, and the problems are en 
gineering rather than academic. Th 
treatment is expanded (Lanza has 28 
pages, Church, 194 pages, and Maurer, 
381 pages in 4th edition). A’ large 
number of problems involving machin 
ery and structures are given and then 
is a complete abandonment of ff 
highly theoretical, astronomical 
of problem. A measure of =porovil 
Maurer by teachers is the 17,000 
which were printed in the first fo 
teen years of its existence. ig 
Many other textbooks on mechanics 
have been written since 1900-1915 
but they are essentially the same # 
Maurer in that they are distinctly & 
gineering in character. The great 
transition which began to appear if 
Wood’s book in 1876 was continued 
by Bowser, Lanza and Church to 
finally climaxed by Maurer. ee 
What then in brief are the c 
in mechanics textbooks? In conten 
much highly theoretical and natal 
ical material has been eliminated, 
in its place the free-body diagram 
employed as a tool, frames and t 
are analyzed, and many problems for 
student solution are added. In method, 
the changes include a shift from stat 
ing relationships in terms of propor 
tions to a statement as an algebrale 
equation and to a wider use of the thi 
approaches, force-mass-accele 
work-energy, and impulse-momeni 
with less use of the principle of virtul 
work. In spirit, a departure from @ 
academic, abstract, formal logic 
few applications, to that of an eng 
neering logic with applications to strut 
tures and machines. Putting - 
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‘| danges together they represent a shift 


fom a theoretical, scientific discipline 
to a serviceable engineering instru- 


ment. 


RESISTANCE OF MATERIALS 
Eariy Textbooks 


Unlike mechanics, the principles and 
laws of the resistance of materials have 
ot been known for a long time. Our 
knowledge of materials must rest upon 
experiment rather than upon purely 
mathematical analysis and, since the 
ghilosopher who was accustomed to 
fationalize often did not experiment, 
the subject did not progress. Besides 
that, the means of making accurate 
measurements were not readily avail- 
able before about the year 1800. The 
first attempt at mathematical and ex- 
perimental analysis of beam action of 
which we have record is that published 
by Galileo in 1638. He assumed that 
the entire cross-section of the beam 
was under a uniform tensile stress and 
that the axis for the resisting moment 
was at the outside of the beam. Many 
gther investigators, mostly mathema- 
ficians, showed that this was wrong, 
though others thought that Galileo was 
correct. Some of these investigators 
were Bernoulli, Parent, Mariotte, Cou- 
lomb, and, though he did not study 
beams, Hooke (19). 

_ Therefore, up to about 1820-1830, 
the theory of beams was not. settled 
and, furthermore, the principal material 
of which beams were made was wood, 
Mostly in a rectangular shape, for 
which the theory of Galileo served rea- 
Sonably well. In France, Girard had 
published in 1798 the first systematic 
treatise entitled, “Traité Analytique de 
la Résistance des Solides et des Solides 


DeEgale Résistance” and in England 


Barlow and Tredgold, both practicing 


engineers, had each published books 
which, while not entirely correct, were 
on the right track. Nevertheless there 
was still much confusion. Stresses in 
beams were usually considered as be- 
longing to civil engineering rather than 
to mechanics though some authors in- 
cluded them in textbooks on mechanics. 

Gregory’s “Treatise on Mechanics,” 
used at the United States Military 
Academy, 1818-1828 (?), contained 
a chapter on beams and so we may con- 
sider that this was the first textbook 
used in resistance of materials in the 
United States. Gregory devoted 29 
pages to “Mechanics of Materials.” 
He refers to the theories of Mariotte, 
Leibnitz, Varignon, Buffon, Euler, 
Lagrange, and Girard. He regards 
these theories as “ingenious” but “very 
complex and intricate.” He would, 
therefore, “prefer the comparatively 
simple theory of Galileo.” 

The first proposition which Gregory 
enunciates is, “The strength of a beam 
or bar to resist a fracture by a force 
acting laterally; is as the solid, made 
by a section of the beam at the place 
where the force is applied, into the 
distance of its centre of gravity from 
the point or line where the breach will 
end” (20). Six corollaries follow this 
proposition, one of them being, “the 
lateral strengths of any beams whose 
sections are similar figures, are as the 
cubes of corresponding dimensions of 
the section.” He quotes experiments 
made by various people but especially 
those of Banks. He refers to the stud- 
ies of Emerson on wood, one observa- 
tion being that a piece of timber which 
has borne a great weight for a small 
time broke with a far less weight when 
left upon it for a longer time. Some 
caustic comments were made upon the 
work of Gregory, one such comment 
being, “Nothing shows more clearly 
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the depth to which English mechanical 
knowledge had sunk at the commence- 
ment of this century” (21). 

Boucharlat’s “Treatise on Mechan- 
ics,” which’ succeeded Gregory at the 
United States Military Academy, con- 
tained 32 pages on resistance of ma- 
terials but this topic was indicated as 
being among those which might be 
omitted if time were short. Boucharlat 
adopts the analysis of Leibnitz in pref- 
erence to that of Galileo, and, except 
for different notation, the equations he 
gives for rectangular beams, and these 
were the only ones considered, are 
similar to those we use today. The 
equation given for the deflection of a 
cantilever beam is correct. Many 
other equations are given which the 
writer did not unravel for lack of time, 
but which are probably similar to those 
used at present. Thus, the basic ap- 
proach to a study of a beam as pre- 
sented by Boucharlat is correct. 

However, Boucharlat seems to have 
no understanding of horizontal shear 
and no knowledge of the distinction be- 
tween the correctness of the equations 
before and after the proportional limit 
had been exceeded. In one paragraph 
he suggests a method of finding the 
modulus of elasticity and the tensile 
strength as follows. “The best method 
of determining the values of A [the 
modulus of elasticity] and B [the ulti- 
mate tensile strength] consists in sup- 
porting a prismatic solid at its two ex- 
tremities in a horizontal position, load- 
ing it with weights at its middle point, 
and observing the saggittae [deflections 
at the center] which correspond to dif- 
ferent weights; or simply, the weight 
and saggita at the instant when frac- 
ture is about to take place.” 

While Olmsted’s “Natural Philoso- 
phy” can hardly be considered an engi- 
neering textbook, he devotes 23 pages 
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in the 1844 edition to this: topic, Hy 
lays down a number of rules, refergi 
mostly to timber beams, among the 
being : 4 
(1) “The strength of a besa Tes 
ing, horizontally, on its two ends, fra 
a weight on its center, is proporti 
to the area of a cross-section, mul 
plied by the depth of its center g 
gravity”; (2) “In beams of differen i. 
lengths, resting on two supports, 
strength will vary as the area of 
section into the depth of the centers 
gravity, divided by the length into: 
weight”; (3) “The strength of a 
bar in the direction of its length, is 
rectly proportional to the area of 
transverse section” (22). These} 
all proportions ; if you know the: 
a given beam will carry, the | 
similar beam will carry can be fount 
In 1823 the United States Mili 
Academy used a textbook by M.! 
Sganzin in engineering construction 
which, in 1826, was translated 
English under the title “An Elemen 
tary Course in Civil Engineering.” 7 
contained a few pages on the strengh 
of materials and a few pages on te 
the strength of beams, but it is almost 
entirely descriptive. It cannot h 
called resistance of materials. we 
The real teaching of engineering@ 
the United States Military Academy 
began with the coming there asa 
teacher of D. H. Mahan. A graduale 
of the Academy in 1824 he spent some 
years of study in France and retutmél 
to West Point in 1830 where he spétt 
the remainder of his life, 41 yeat 
teaching engineering. His influenced 
engineering can hardly be overest 
mated, not only because of his | i 
ence on precision of thought, 
of analysis and exactness of ex 
but also for his textbooks which ¥ 
used widely throughout the | 
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atime when engineering textbooks 


few. As a consequence of these 


hen arious factors, he exerted a profound 
“% Finfluence on the technical or profes- 


donal aspects of civil engineering edu- 


ls, ftom ation. He shows his high regard for 
ortiond§ «act and rigorous analysis where, in 
mul. aivising on the books which are de- 
ntet di grable for the library of an engineer, 
ifferent je says: “Place .in his library every 
rts, the york of science to which M. Navier’s 
of tel ame is in any way attached” (23). 
nterd§Qne of his books, “An Elementary 
nto the ® Gourse in Civil Engineering . . . ,” 


of a 
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1837, contained a chapter on materials. 
He gives a number of equations for 
frams and columns and these equa- 
tions, though more detailed than neces- 
sty, are similar to those which we use 
today. They are merely formulas, 
however, and not developed analyses 
uswe study such topics today. 

The effect of the excellent works of 
Rankine and Weisbach should not be 
werlooked for they were considered as 
standard. and of the highest order. 
Rankine was used in a few institutions 
but never seems to have become a 
popular textbook. 


The New Era in Engineering 


From what has been said it will be 
seen that in a broad way the teaching 
of resistance of materials in America 
was most elementary and quite a 
secondary matter until about the time 
that an impetus was given technical 
tducation under the Morrill Land 
Grant Act. This is not to say that a 
fumber of capable teachers did not 
understand resistance of materials be- 
fore that. time, but that up to about 
1870 structures were built mainly of 
wood which had been proportioned by 
tustom and experience. Now, how- 
ver, the expansion and extension of 
the railroads following the close of 
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the Civil War, the westward migration 
which accompanied the railroads, and 
the more plentiful supply of Bessemer 
steel were all factors which increased 
the need for a greater knowledge of 
the resistance of materials. 

In 1871 DeVolson Wood produced 
an entire textbook, 245 pages, devoted 
to resistance of materials. He states in 
the preface that it contains “the sub- 
stance of my lectures . . . during the 
past few years on the Resistance of 
Materials.” He presents a composite 
of a variety of theories and of experi- 
ments. . Of the theories, he selects 
those which seem best and develops 
equations, some of which are like those 
we now use and some of which are not 
like them. This may be said to have 
been the first American textbook on 
the resistance of materials. The book 
ran through a number of editions with 
numerous changes, but it still main- 
tained its characteristic form, that of 
presenting a number of theories and a 
number of experiments, an arrange- 
ment which did not make for clarity 
or definiteness of conclusion in some 
cases. 

Wood was followed in about fifteen 
years by three other writers on ma- 
terials: W. H. Burr, Gaetano Lanza 
and I. P. Church. Two of them com- 
bined resistance of materials and ap- 
plied mechanics. Burr, while a teacher 
at the Rensselaer Polytechnic Insti- 
tute, produced a volume of 753 pages 
in 1883 on “The Elasticity and Re- 
sistance of the Materials of Engineer- 
ing.” The book consists of two parts, 
“Rational,” 207 pages, in which the 
theory of the resistance of materials is 
developed, and “Technical,” 546 pages, 
where experimental data from mariy 
sources are tabulated and analyzed. |. It 
includes much material on topics which 
are now considered as pertaining: to 
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the manufacture of materials. He gives 
no problems of any kind. In beams he 
uses a curve in a few cases to show the 
distribution of bending moment along 
a beam, but he does not use moment 
diagrams in the present sense of the 
term. 

Next came G. Lanza, in 1885, at 
Massachusetts Institute of Technology, 
with his “Applied Mechanics,” which 
includes both mechanics and resistance 
of materials. Lanza gives a connected, 
systematic development of the theories 
of direct stress, torsion, flexure and 
columns. Though his book is char- 
acterized by himself as “primarily a 
textbook,” it, like Burr’s, is actually 
pretty much of a reference book as 
many who have used the book in recent 
times can testify. A small number of 
problems for solution by the student 
are given. He shows a number of 
moment diagrams, but no shear dia- 
grams. In order to find the maximum 
bending moment he uses the standard 
method of putting the first differential 
of the bending moment equal to zero. 
It is a substantial book. 

Then in 1887 came “Mechanics of 
Engineering” by I. P. Church at Cor- 
nell University. This is a book which 
is built on an excellent teaching plan. 
It is explanatory in character, con- 
versational in style, with clearly worked 
out numerical examples, as well as a 
number of problems for student solu- 
tion, though the number of the latter 
is not large. Church, as well as Lanza, 
and to some extent Burr, includes 
many cases of advanced topics such as 
hooks, thick cylinders, flat plates and 
similar cases. The advent of these 


three books placed the teaching of re- 
sistance of materials on a definitely 
advanced plane and completely and 
- permanently removed it from the previ- 


treatment which it had been a 

The new books just mentioned 
while more informing, are in the maip 
highly mathematical in expression, and 
involved in content. They lack a clear 
cut, concise simplicity which makes 
for a popular and easily understood 
textbook. When one has mastered any 
of them he is well prepared, but they 
are difficult to master. They are, with 
Church possibly excepted, agents’ i 
the process of presenting a science 
which has not yet been fully established, 
The theories, data and the i 
tests are still in the process of being 
digested and crystallized into a con 
cise, usable form. 

At this time came that book whi 
probably more American students of 
the resistance of materials have stud 
ied than any other single book, “Me 
chanics of Materials,” by Mansfield 
Merriman at Lehigh University. This 
book was published in 1885 and con 
tained only 151 pages. He states that 
he is attempting “to logically set forth 
the principles and theory of the sib 
ject.” To that end he has not quoted 
the results of many tests nor has ke 
included much on the more advanced 
topics, though these advanced topics 
are considered in later editions. Th 
material is arranged in a series @ 
short articles each dealing with i 
definite topic or phase of a topic. 7 

There are only a few numerical s 
tions of problems but nearly all a: 
include one or two problems for ste- 
dent solution. He shows shear di# 
grams, the first ones which the write 
has observed, as well as moment dit 
grams. However, the shear and mo- 
ment diagrams are not combined in the 
same figure as is customary today. 
There is no indication that the sheat 
diagram may be used to find the post 
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tion of the maximum bending moment 
for he gives the mathematical condi- 
fons for finding the distance to the 
section where the shear is zero with 
distributed loads and then ‘says, “For 
gncentrated loads it will generally be 
gecessary to find by trial the point 
where the shear becomes zero” (24). 
in later editions an article is intro- 
duced to show the relation between 
the shear and moment diagrams. 

Merriman’s book passed through 
many editions and had a total issue of 
itleast 54,000 copies as compared with 
#000 by his nearest rival, Church. 
It might be said to be the standard 
textbook on resistance of materials be- 
tween 1885 and 1912-1915." Merri- 
man begin to be superseded when J. E. 
Boyd of Ohio State University brought 
mt in 1911 his “Strength of Ma- 
terials,” which reverted somewhat to 
the pattern set by Church. 


Conclusion 


What are the salient points in a cen- 
tiry of evolution of resistance of ma- 
trials textbooks in America? First, 
afew pages dealing with the theory of 

ileo in treatises on mechanics with 
few if any problems for student solu- 
tion. Then a voluminous presentation 
of experimental data and sound, but 
sometimes rather too elaborate, theory. 
Finally, a clear exposition of theory 
supported by basic experimental data 
aid a very large number of excellent 
Practical problems for student solu- 
fion. The content, as well as the teach- 
itg method, has changed from the 
somewhat arbitrary use of empirical 
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data and rules to that of the careful 
application of analytical principles to 
extensive experimental studies. 
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Division of Administrative Officers 


To THE MEMBERS OF THE ADMINIS- 
TRATIVE DIVISION: 


As World War II draws to a close, 
the reconstruction of a stable national 
economy in peacetime places upon the 
industries of this country the heavy 
burden of providing jobs for millions 
of workers. This task will be accom- 
plished in two steps,-the first of which 
is reconversion from manufacture of 
war materials to the making of goods 
for civilian use, and the second of which 
is the development of new methods and 
articles based upon technical advances 
made under the pressures of war needs. 
The forerunner of each of these steps 
is engineering, planning and design. 
Probably never before in our history 
has there been so large an engineering 
operation as that which must be done 
during the next few years. The rate 
at which this necessary planning may 
be accomplished determines the rate at 
which jobs may be provided and a 
stable economy achieved. 

The function of the engineering col- 
leges is among other things to pro- 
vide industry with technically trained 
men. The expansion of industry to- 
gether with the steadily increasing 
technical character of its operations is 
reflected in the increasing rate of train- 
ing of engineers. From 1910 to 1926 
the annual output of engineers in- 
creased more than fourfold. By 1942 
the number of graduates had reached 
twice that of 1926. All indications are 
that this trend of steady growth will 
continue for a number of years into 
the future. 


Enrollment in. engineering coll 
rose sharply in 1940; and in 1941 and 
1942 the number of engineering stu- 
dents had increased 50 per cent over 
the number in training during the late 
thirties. The policy of Selective Sery- 
ice, first in deferring only a limited 
number of engineering students and 
then in cancelling such deferment al. 
together, reduced civilian enrollment 
in 1943 and since, to those of pre-in- 
duction age and a small number of 
4-F’s. The establishment during. this 
period of the Navy V-12 program, and 
the adoption by most schools of the 
accelerated program, made possible the 
graduation of a substantial number of 
engineers through 1943 and 1944. In 
that year the normal trend would have 
provided 15,000 graduates, and degrees 
were granted to about 10,500. In 
1945 and 1946, the number of degrees 
earned is estimated to be about 2,50 
each year although in 1946 the normal 
trend would call for 16,000. 

With the fighting over, Selective Ser- 
vice continues the policy of no defer- 
ment for engineers. Even if such de 
ferment were immediately instituted, 
anything like a normal output of grad- 
uate engineers cannot be reached.before 
1949, by which time the deficiency 
below normal trend, accumulated dur 
ing the years 1943 to 1949 inclusive, 
will reach an estimated total of 55,000 
This is equivalent to saying that i 
dustry must get along without hiring 
engineering graduates for four yeats, 
at pre-war levels. In the face of the 


enormous engineering task in this}” 
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country, and in the occupied and other 
foreign countries, this shortage is in 
terms of national economic need very 
serious. If deferment is not immedi- 
ately instituted, and if conscription 
continues, the shortage will be cor- 
respondingly increased. 

In the event that a normal flow of 
dvilian students to the engineering col- 
leges is permitted henceforth, total en- 
tollment by 1947 may, with the return 
of veterans, reach 120,000 and by 1948 
and 1949, 140,000, or an enrollment 
double that of the middle Thirties. 
After 1949 it would appear that enroll- 
ment may be expected to remain at or 
above 1941-2 levels. 

It should be noted that, although 
tnroliment will climb rapidly and 
would likely maintain a level equal to 
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any previously experienced, the output 
of graduates will not provide replace- 
ment against the accumulated shortage 
before 1952, and even then the replace- 
ment will probably not exceed 3,000 a 
year. 

Each year that Selective Service is 
continued without deferment of engi- 
neers will increase the shortage by 
10,000. 

Your committee is keeping in close 
touch with developments and the 
writer has spent much time on efforts 
to obtain recognition of engineering 
and scientific students in the Selective 
Service system. Further reports will 
be made as new developments arise. 


S. C. Ho ister, 
Chairman 
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Physics 


With the first issue of the Physics 
Column—JouRNAL OF ENGINEERING 
Epucation, September 1945, Pg. 82 
—off press less than three weeks, your 
chairman has received as yet very little 
news of the type suggested in this is- 
sue. Members of the division are 
urged not to delay sending in their 
news to the chairman, J. G. Potter, at 
A. & M. College of Texas, or to the 
secretary, C. E. Bennett, at the Uni- 
versity of Maine. The chairman has 
received numerous expressions of opin- 
ion that a physics column, such as has 
been instituted, can be of great service 
to physics departments in engineering 
schools. Unfortunately, this can be 
realized only if members of The Di- 
vision send in news of the ways in 
which their departments are improv- 
ing the programs of physics in engi- 
neering colleges. 

The chairman also solicits sugges- 
tions for the program of the next 
annual meeting, which will certainly be 
held at Washington University in St. 
Louis next June with the joint par- 
ticipation of The American Associa- 
tion of Physics Teachers. Let the 
chairman know what subjects you 
would like to see featured in the dis- 
cussions. 

Further expressions of interest are 
invited, to engage in group or com- 
mittee studies on various policies in 
the administering of physics, as out- 
lined in the first issue of the “Physics 
Column.” In the words of one mem- 
ber of The Division who has written 






Column ‘ 


the chairman, “The Physics Division 
of S.P.E.E. is, I am sure, the only 
means whereby a well planned. pro 
gram for Physics in Engineering Gn 
be formulated.” 

In expressing the opinion that ploy 
cists should not leave the direction of: 
physics instruction in engineering tb 
leges to engineers, F. G. Slack, @ 
Vanderbilt University, has written the 
chairman, “I feel that it is particularly 
important that physicists themselves 
consider the problems of physics it 
struction in engineering schools and 
formulate plans and programs whith 
will lead to proper fundamental train 
ing of our engineering students.” 

O. C. Lester, of the University of 
Colorado (retired), has written the 
chairman with reference to “one prob 
lem which will need the attention d 
the The Division. It concerns the & 
vision of time between classical and 
modern physics for engineering stt 
dents. . . . Engineering students should 
know something about the great new 
developments in the modern field, but 
outside of electronics, the physie 
which they need most and will us 
most is still classical physics. . « 
From my point of view we must stil 
teach chiefly classical physics unles 
more time is given to physics. We 
are not likely to get much more time 
except in curricula for physics majots 
in engineering, such as have bee 
started here and at several other 
schools.” 

While engaged in research under the 
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PHYSICS COLUMN 


0S.R.D. at the time of the last annual 
meting, A. C. G. Mitchell sent the 
dairman the following notes which 
may contain a valuable suggestion for 
physics departments: “Our experience 
in teaching Army students at Indiana 
University was exceedingly interesting. 
Qur normal peacetime teaching load 
was about 200 students in undergrad- 
tate Physics and at the peak of the 
Army Program we were teaching 1800 
sudents, plus 200 civilians. 

“The results of the Army tests 
showed ‘that we were very successful 
flour efforts and I attribute this suc- 
ts in a large extent to our organiza- 
fon of the course. The several points 
interest were: 

“(1) Enough apparatus was avail- 
tile in the laboratory so that the lab- 
gatory work was never more than two 
weks removed (in content) from the 
leture and recitation work. 

“(2) The laboratory was in charge 
fone man and some assistants so that 
il material for any laboratory experi- 
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ment was in place at the beginning of 
the period. 

“(3) Aside from the two hour lec- 
ture work, one instructor was in charge 
of the recitation and laboratory work 
for any one section of thirty men. 

“(4) The recitation work was su- 
pervised by one man and weekly con- 
ferences were held on the progress of 
the students. 

“(5) Grades and performance graphs 
by sections were available at the end 
of weekly or biweekly tests. This had 
a very good effect on the students and 
brought forth a spirit of competition.” 

The University of Southern Cali- 
fornia has announced the offering of 
several teaching fellowships carrying 
stipends of $700 for two semesters. 
Further information may be obtained 
from Professor R. E. Vollrath, De- 
partment of Physics, The University 
of Southern California, Los Angeles 7, 
California. 

J. G. Porrer, 
Chairman 
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New Members 


Assott, Wiii1aM, Ministry of Education, 
Belgrave Square, London, England. C. H. 


Colin, H. S. Rogers. 

Barsutesco, C. D., Professor of Engineer- 
ing, Antioch College, Yellow Springs, 
Ohio, E. D. Ayres, E. E. Dreese. 

Benver, Harry A., Associate Professor of 
Mathematics, Rhode Island State College, 
Kingston, R. I. T. S. Crawford, E. M. J. 
Pease. 

Benson, H. K., Professor of Chemical En- 
gineering, University of Washington, 
Seattle, Wash. R. W. Moulton, E. A. 
Loew 


BLiackMAN, James S., Instructor in Engi- 
neering Mechanics, University of Ne- 
braska, Lincoln, Nebr. E. J. Marmo, T 
T. Aakhus. 

Broapston, James A., Armament Design 
Engineer, North American Aviation, Inc., 
1937 Taft Ave., Hollywood, Calif. F. L. 
Bishop, Nell McKenry. 

Brown, Cart W., Chief Engineer, Missouri 
Highway Dept., Jefferson City, Mo. 
Harry Rubey, H. A. LaRue. 

Paut A. Cartwricut, Instructor in Elec- 
trical Engineering, University of Minne- 
sota, Minneapolis, Minn. J. M. Bryant, 
H. E. Hartig. 

Castoncuay, Tuomas T., Associate Pro- 
fessor, Acting Head, Dept. Chemical En- 
gineering, University of Kansas, Law- 
rence, Kansas. J. O. Jones, E. S. Gray. 

Epwarps, FrankuIn S., Assistant Professor 
of Aeronautical Engineering, Mississippi 
State College, State College, Miss. L. L. 
Patterson, H. C. Simrall, F. S. Edwards. 

Emsier, WELLER B., Professor of English, 
Head, Dept. Humanities, Cooper Union, 
New York City. E. S. Burdell, G. F. 
Bateman. 

Harpinc, Samuet R., Supt. Manufacturing 
Laboratory, State University of Iowa, 
Iowa City, Iowa. H. O. Croft, R. M. 
Barnes. 

Draper, Cuartes S., Professor of Aero- 
nautical Engineering, Massachusetts In- 


stitute of Technology, Cambridge, Mas, 
R. S. Williams, J. R. Killicawy. ra 

FitzPatrick, Txos. K., Professor of Archi. 
tectural Engineering, Iowa State 
Ames, Iowa. O. R. Sweeney, 
Kimball. 

Humpnuries, Powe. H., Instructor in Ele 
trical Engineering, Franklin Technical In- 
stitute, Boston, Mass. B. K. Thorogooi, 
W. L. Hughes. 

Juran, JosepH M., Professor and Chair 
man, Dept. Administrative Engineering, 
New York University, N. Y. C. DB 
Porter, R. C. Price. 

Karcer, DeLtmar W., Supervisor, Scholar- 
ships and Graduate Study, Westinghouse 
Electric Corp., Pittsburgh, Pa. J. C. Me 
Keon, G. D. Lobinger. 

Krauss, Herpert L., Assistant Profenséeil 
Electrical Engineering, Yale University, 
New Haven, Conn. A. G. Conrad, Felix 
Zweig. 

LeCarn, Georce H., Assistant Professor o 
Mechanical Engineering, University o 
Maine, Orono, Me. I. H. Prageman, 
D. Watson. q 

Lusx, James B., Associate Professor of 
Mechanical Engineering, South Dakota 
State College, Brookings, S. D. H. M@- 
Crothers, W. H. Gamble. 

Miter, SHetsy A., Chemical Engineer, £ 
I. duPont de Nemours Co., Wilmingte 
270, Del. T. H. Chilton, R. C. Ernst. 

Mitts, Rosert W., Instructor in Mechanical 
Engineering, University of Nebraska, Lit 
coln, Nebr. N. H. Barnard, W. F. Wel 
and. 

Mrincins, Cuartes R., Associate Professor 
of Physics, Tufts College, Medford, Mas. 
H. P. Burden, F. N. Weaver. 

Muncer, Harotp H., Instructor in Appliel 
Mechanics, Kansas State College, Mar 
hattan, Kansas. L. V. White, C. # 
Scholer. 

Pasex, J. Epwin, Manager, Industrial asl 
Technical Dept., Prentice Hall, Inc., New 
York City. C. Magnuson, W. J. Luzat 
der. 
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jure, WatterR T., Professor and Chairman, 
Dept. Architecture, University of Texas, 
Austin, Texas. P. M. Ferguson, W. R. 
Woolrich. 
mer, JouHN N., Assistant Professor of 
Engineering Extension, Pennsylvania State 
College, State College, Pa. L. A. Doggett, 
A. P. Powell. 
Mass, §ucreTON, JosEPH L., Manager, Methods 
* § wd Planning, Allis-Chalmers Mfg. Co., 
Atti Giwaukee, Wis. T. T. Agthe, W. D. 


Sito, Revet L., Associate Professor of 
Mechanical Engineering, University of 
Cincinnati, Cincinnati, O. R. E. Hundley, 
C. A. Joerger. 

Watton, Jesse S., Professor and Acting 
Head, Dept. Chemical Engineering, Oregon 
State College, Corvallis, Ore. A. L. Al- 
bert, G. W. Gleeson. 

Wricut, Dantet K., Assistant Professor of 
Mechanical Engineering, Case School of 
Applied Science, Cleveland, Ohio. G. B. 
Priester, G. L. Tuve. 

89 new members this year. 








College Notes 


University of Maine——New Appointments. Professor of Civil re 
—Hamilton Gray, A.B.—Harvard College, 1933; M.S.—Harvard 
School of Engineering, 1934; Sc.D —Harvard Graduate School of Engine 
1938. "i 
Professor Gray will have charge of the courses in Soil Mechanics, and will 
be on a consulting basis for the Maine State Highway Commission. 4 

Instructor in Electrical Engineering —Kenneth L. Parsons, B.S.—Uniy 
of Maine, 1934. 


200 A.S.T.P. students are in attendance in Advanced Engineering in ’ 
partments of Civil, Electrical, and Mechanical Engineering. Ss 
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Dear Dr. Bishop: 


At a special meeting of the Pennsylvania State College Branch, S.P. = 
the end of the Faculty meeting of the School of Engineering on Monday 
9th, the following were elected to office for the year 1945-46: 


Chairman: E. B. Stavely. 
Vice-Chairman: J. S. Doolittle. 
Secretary: J. W. Breneman. 


; 
AvBert P. Powe tt, Secreta 


Graduate Studies 


The officers for the new division of Graduate Studies of the S.P.E.E. @ 


Chairman: L. E. Grinter, Vice President, Illinois Institute of Technology. 
Vice Chairman: S. C. Lind, Dean, University of Minnesota. 3 
Secretary: F. T.,Mavis, Head Dept. Civil Engineering, Carnegie Institute: 

Technology. 7 
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